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Landscape Feature Extraction and Floristic Division of 
Traditional Villages in the Minjiang River Basin’ 


LIN Runze', YANG Fan’, ZHANG Dan’, ZOU Cheng’, ZENG Zhen’, LI Xiaohe® 
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ABSTRACT: Traditional villages reflect the integration and collision of cultures from many aspects such as culture, function and site selection, and 
reflect the cooperation and struggle between man and nature. They hold outstanding historical, cultural, artistic, scientific and social values, and are 
important carriers of national culture. As an important birthplace of civilization in the southeastern region of China, the Minjiang River Basin has 
profound historical and cultural accumulation. The unique, diverse and abundant traditional village resources in the basin embody the Fujian tradi- 
tional culture with distinctive local characteristics. In order to accurately identify the landscape characteristics of traditional villages in the Minjiang 
River Basin, the research first introduces the concept of landscape gene similarity on the basis of landscape gene theory, and quantitatively evaluates 
the similarity of traditional village landscapes, which reduces the influence of subjective judgment in the process of landscape gene extraction, 
strengthens the repeatability of the conclusions, and makes the results more accurate. Secondly, based on five batches of Chinese traditional village 
lists, field visits and literature review, 111 national traditional villages with complete data and well preserved in Minjiang River Basin are determined 
as research objects. Finally, based on the dialect and folk beliefs, the cultural characteristics of the villages are judged, and the landscape characteris- 
tics of the villages are described based on the characteristics of the residential landscape. Six types of indicators that can best reflect the characteris- 
tics of village landscape are selected to construct the index system. By calculating the similarity of each traditional village landscape and combining 
with spatial statistical analysis, the traditional villages in Minjiang River Basin are divided into 9 landscape regions and 4 landscape sub-regions as 
a whole, and construct the landscape gene map of traditional villages in Minjiang River Basin. Through the calculation of the similarity between the 
traditional village landscape and spatial statistical analysis, the traditional villages in the Minjiang River Basin are divided into 9 landscape areas and 
4 landscape sub-areas, then mapping the landscape gene map of traditional villages in Minjiang River basin. The results show that there are differ- 
ences in landscape gene composition of traditional villages in different regions in Minjiang River Basin. Based on the differences of landscape gene 
among traditional villages in Minjiang River Basin, combined with the administrative division and landscape gene similarity, traditional villages in 
Minjiang River Basin can be divided into 9 landscape areas and 4 landscape subareas which include Hakka courtyard area, Shaojiang Courtyard are- 
a, Central Fujian Courtyard area, Central Fujian enclosed building area, Eastern Fujian enclosed building area, Eastern Fujian mixed area, Southern 
Fujian compound area and Northern Fujian compound area, Northern Fujian gabled roof courtyard area, Northern Fujian mixed roof courtyard area, 
Shaojiang independent courtyard area and Shaojiang combined courtyard area. The similarity of landscape genes between two adjacent landscape ar- 


eas was higher than other areas. To some extent, this is due to the role and influence of natural conditions, cultural customs and social economy in 


[The format of citation in this article | 
LIN Runze, YANG Fan, ZHANG Dan, et al. Landscape Feature Extraction and Florisstic Division of Traditional Villages in the Minjiang River Basin[_J ]. 
Journal of South Architecture, 2024(1):1-9. 


¢ Fund Projects: 1. Youth Fund Project in Humanities and Social Sciences Research of MOE (20YJC760079) ; 2. Social Science Planning Project of Fu- 
jian Province (FJ2019C008); 3. Outstanding Youth Program of Fujian Agriculture and Forestry University (xjq2020S2) 


Chinese Library Classification Number TU242.3 
Document Identification Code A DOI 10.33142/jsa.v1il.10430 Article number 1000-0232(2024)01-001-09 


http: // www.viserdata.com/journal/jsa 


2 Journal of South Architecture 1; (2024) 1-9 


different periods. Among them, the natural conditions affecting the residence form and construction of the overall arrangement of the choice of ma- 


terial, culture affects the residential spatial structure characteristics such as shape, function partition, the social and economic conditions determine 


the scale and fineness of dwellings. Any change of conditions will produce different morphological characteristics of residential buildings, major 


historical events are important catalysts for this transformation process, which can accelerate or slow down the entire process. In the future, the re- 


search will take the major historical events that affect human activities in the watershed as the time node, analyze the development and evolution 


laws of buildings in different periods, and conduct in-depth analysis and exploration of this conclusion. 


KEY WORDS: Minjiang River Basin; traditional villages; landscape gene; landscape area 


Introduction 


China, with its vast territory, diverse ethnicities, and 
complex natural conditions, has given rise to traditional 
villages that embody the wisdom and labor of the local an- 
cestors, in order to meet their survival needs and reflect 
the abundant natural resources, diverse folk cultures, and 
religious beliefs. With their characteristic residences, from 
the felt tents that accompanied the nomadic tribes in their 
migratory lifestyle to the courtyard houses that embody 
agricultural culture; from the grand courtyards of the Jin 
and Huizhou merchants, which represent social status and 
wealth, to the Hakka tulou buildings which emphasize de- 
fense functions and clan relationships; from the cave 
dwellings in the loess plateau to the stilt houses nestled 
halfway up the mountains and by the water, traditional vil- 
lages showcase the cultural integration and collision from 
various aspects such as custom, functionality, and site se- 
lection, and reflect the cooperation and struggle between 
humans and nature, and possess significant historical, cul- 
tural, artistic, scientific, and social values, making them an 
important carrier of national culture. 

To date, scholars in the fields of architecture, cultural 
geography, and landscape architecture have conducted 
comprehensive research on traditional villages from the 
perspectives of village revitalization and human habitat. 
This research can be broadly categorized into three levels 
of scale. At the micro-scale, the focus is on villages with 
distinct architectural features. An Xianlou, based on the 
Beautiful Countryside Project, proposed a paradigm of 
principles for the preservation of traditional villages 
through landscape transformation and cultural heritage 
conservation [ 1]. Liu Xingya provides, by distilling the 
historical and cultural elements of the Beierbao Village in 
Tianjin, a basis for subsequent transformation and im- 


provement of the village [2]. At the meso-scale, the re- 
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search focuses on a specific type of village with typical re- 
gional and cultural characteristics. Wen Ruilin summarized 
the characteristics of traditional Huizhou residential streets 
and alleys, including their winding and intricate spatial 
layout, integration of architecture with nature, and signifi- 
cant regional cultural elements, through literature compila- 
tion and on-site investigations [3]. Li Xueping analyzed 
the thermal environment and heat transfer effects of sunk- 
en cave dwellings in the Guanzhong area in winter by 
constructing a thermal evaluation system, providing a ba- 
sis for spatial transformation of sunken cave dwellings 
[4]. At the macro-scale, the research focuses on traditional 
villages within specific administrative regions or cultural 
landscape systems. Ma Yu explored the spatial distribution 
characteristics and settlement features of 550 traditional 
villages in Shanxi Province from a basin perspective using 
ArcGIS 10.2 tools [5]. Yu Jing summarized and organized 
the spatial differentiation characteristics of traditional vil- 
lages in the Wuling Mountain region using a geographic 
detector [6]. In recent years, with the deepening of the re- 
search, how to integrate the resources of the traditional 
villages and make full use of their regional advantages in 
culture has become an important direction for their devel- 
opment. In this context, Liu Peilin proposed landscape 
gene theory, which analogizes the landscape characteristics 
of settlements to “genes” in biology. It compares the de- 
velopment and changes of settlement landscapes to genetic 
inheritance and mutation. By considering geographic envi- 
ronment, cultural background, architectural landscape, and 
building materials as the factors for floristic division, 
southern traditional villages are divided into eight settle- 
ment landscape regions and 40 landscape sub-regions [7]. 
Building upon landscape gene theory, Zheng Wenwu intro- 
duced the concept of landscape gene similarity, quantita- 


tively evaluating the similarity of settlement landscapes by 
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comparing the similarities and differences in landscape 
characteristics. This approach reduces the subjective judg- 
ment in the process of extracting landscape genes, 
strengthens the repeatability of conclusions, and produces 
more refined and rational results [8 ]. 

Overall, there is currently limited research on land- 
scape floristic division of traditional villages, with qualita- 
tive analysis being the main research method and limited 
integration of quantitative analysis. Additionally, both 
subjective evaluations based on scholars’ perceptions and 
objective deductions based on computer analysis suffer 
from issues of inconsistent evaluation criteria and fuzzy 
boundary delineations. Based on this, the present study u- 
tilizes dialects and folk beliefs as criteria to identify cul- 
tural characteristics of villages and take the residential 
landscape features to describe the landscape characteristics 
of villages, aiming to explore the landscape floristic divi- 
sion of traditional villages in the Minjiang River Basin. 
This research is to provide new insights for the cultural 
lineage research, classified protection, and regional inte- 
grated development of traditional villages in the Minjiang 


River Basin. 


: Fujian Province Minjiang River Basin 


Figure 1 Overview of the Study Area 


1 Study area, data sources, and research methods 


1.1 Study area 


The Minjiang River Basin is located in the northern 
part of Fujian Province, with a length of 356 km from 
north to south and a width of 283 km from east to west. It 
covers an area of 60,992 km’ and includes six cities and 
thirty counties, supporting over one-third of the population 
in Fujian Province. The basin is rich in traditional villages, 
with a diverse range of types. From 2012 to the present, a 
total of villages here have been included in the national 


list of traditional villages, among which 111 villages have 


complete and well-preserved documents and data. The fu- 
sion and integration of southern and northern cultures, as 
well as ethnic minority cultures, are manifested in the tra- 
ditional villages through architectural forms, materials, and 
other means, making them highly valuable for research 


(Figure 1). 
1.2. Data sources 


The basic information on settlement landscapes was 
mainly collected from the existing 111 national-level tra- 
ditional villages in the Minjiang River Basin, which have 
the complete and well-preserved data. These villages re- 
flect the unique characteristics of the regional landscape of 
traditional settlements and serve as typical samples for 
collecting landscape features in this study. Relevant data 
primarily came from field surveys, mapping, and research 
literature, such as local county chronicles, books and the- 
ses on Fujian’s traditional villages and residences, etc. 
Some basic data were provided by the Fujian Provincial 
Department of Housing and Urban-Rural Development, as 
well as relevant government departments including the 
housing and planning bureaus and cultural heritage bu- 


reaus of various cities and counties. 


1.3. Research methods 


1.3.1 Landscape genetic theory 


Landscape genetic theory posits that the landscape 
features of traditional villages are the result of the com- 
bined effects of natural conditions, social culture, village 
layout, and architectural landscapes. These features can be 
divided into material landscape genes and non-material 
landscape genes based on their manifestations. Material 
landscape genes include overall layout, roof shape, gable 
wall shape, facade type, and plan form, among others, tota- 
ling 25 subcategories across 7 main categories. Non-mate- 
rial landscape genes can be generalized into two catego- 
ries: folk beliefs and historical culture [9]. As research 
has progressed, scholars have found that architectural 
structures are mainly influenced by endogenous cultural 
factors within ethnic groups as to display various features, 
while village layouts are mainly shaped by natural condi- 
tions, exhibiting site-specific spatial characteristics. There 


is no absolute correspondence between the two [ 10]. 
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Therefore, to avoid excessive complexity in village typol- 
ogy, this study, based on the landscape genetic theory with 
combination of previous research, mainly from the per- 
spectives of social-culture and architectural landscape, 
with dialect zones as the foundation of social culture [ 11, 
12 | (Figure 2) , selects six architectural landscape ele- 
ments, including roof shape, gable wall shape, color fea- 
tures, (with/without) enclosing wall, facade style, and plan 
form, to extract the landscape features of traditional villa- 


ges in the Minjiang River Basin. 


. 


1:2,000,000 


Figure legend 
national-level traditional villages 


Dialect Zones 


=] Wu Dialect Zone 

Hakka Dialect zone 
=] Shao Jiang Zone / 
=a Eastern Fujian Dialect Zone ; 
(9) Middle Fujian Dialect Zone 
(BEBE Northern Fujian Dialect Zone “~~ 
(HH Southern Fujian Dialect Zone 


Figure 2 Spatial distribution characteristics of 


traditional village in Minjiang River Basin 


Table 1 Architectural landscape elements and attributes of traditional villages in the Mingjiang River Basin 


Atlas classification Indicators 


Sub-indicators( Weights) 


Attribute of indicators 


Roof shape( 0.3) 


Xuan Shan roof (overhanging gabled roof), Ying Shan roof ( gabled 
roof), Xie Shan roof (gable and hip roof), Wu Dian roof Chip roof) 


Facade features( 0.7) 


Stepped gable wall, Arched gable wall, Wuxing gable wall (five elements 


Architectural 


landscape 


elements 


Gable wall shape(0.16) 


gable wall), Herringbone gable wall 


Enclosing wall( 0.04) 


With enclosing wall, Without enclosing wall 


Facade style( 0.2) 


Tubao-style (earthen castle style), Stilt-style, Courtyard-style 


Color features(0.1) / 


Yellow, White, Red, Gray 


Plan features( 0.2) / 


1.3.2 Landscape gene similarity 


Landscape gene similarity is an important criterion 
for determining the similarity between different villages’ 
landscapes. It is generally believed that the higher the 
landscape gene similarity between two traditional villages, 
the more similar elements they share. Therefore, the simi- 
larity of landscape genes can be measured by the ratio of 
the number of shared elements to the total number of land- 
scape characteristic elements. The calculation formula is: 

Sij = Fs/F 

Sij represents the landscape gene similarity between 
traditional village i and traditional village j. Fs is the num- 
ber of shared landscape characteristic elements, and F is 
the total number of landscape characteristic elements. 
Sij = 1 indicates that the landscape characteristics of the 
two villages are identical. Sij=0.5 indicates a high simi- 
larity between the landscapes of the two villages. Sij < 0.5 
indicates significant differences in the landscapes of the 
two villages. 

To ensure the continuity and relative consistency 


within the landscape division [13] of traditional villages 
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Complex-style, Independent-style, Weilou-style (compound style/enclosed 
building style) 


in the Minjiang River Basin, the process of dividing the 
landscape system is as follows: First, the importance 
weights of different architectural landscape elements are 
assigned through expert rating (Table 1). Then, villages 
within the same dialect zone are grouped together, with the 
architectural landscape complex which have the highest 
quantity in each group serving as a reference, and its char- 
acteristic is marked as 1, then calculate the landscape gene 
similarity of other villages in the region. In the calculation 
process, for landscape elements with more than one attrib- 
ute, the corresponding scores are deducted proportionally 
based on the number of overlapping attributes. Further- 
more, for villages with landscape gene similarity less than 
0.5, they are re-grouped and the above steps are repeated 
until all villages within a group have similarity greater 
than 0.5. Additionally, to ensure the accuracy and scientific 
validity of the grouping, the reference village is removed 
on a group basis, and the above steps are repeated to pro- 
gressively test the similarity between villages. If two villa- 
ges have landscape gene similarity less than 0.5, and one 
village still exhibits good similarity in subsequent calcula- 


tions, it is retained while the other village is removed and 
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the grouping is adjusted. If both villages have poor simi- 
larity, they are removed and the grouping is adjusted. Fi- 
nally, under the premise of ensuring the grouping is com- 
pliant with requirements, adjustments are made to the vil- 
lages in each group based on spatial proximity, with an 
aim to include villages from the same region in the same 
group. 

Taking traditional villages in the Southern Fujian dia- 
lect zone as an example (Table 2), in terms of roof forms, 
Xuan Shan roof and Xie Shan roof are the main features. 
Therefore, their characteristics are marked as 1. Following 
this pattern, it can be determined that Shanping Village, 
Guiyang Village, Foling Village, and Gaoyang Village are 


the reference villages in the calculation of landscape gene 


similarity. Based on the results of the landscape gene simi- 
larity calculation, it is initially determined that Wanzhai 
Village belongs to one group, while the other nine tradi- 
tional villages belong to another group. Subsequently, dur- 
ing the progressive calculation and verification of land- 
scape gene similarity between the two groups of tradition- 
al villages, it was found that compared to the original 
grouping, JianGuo Village, KuiCheng Village, and WanZhai 
Village have higher landscape gene similarity. Therefore, 
the grouping is adjusted to include WanZhai Village, Jian- 
Guo Village, and KuiCheng Village in one group, while 
the remaining seven traditional villages are placed in an- 


other group. 


Table 2 Landscape features of traditional villages in southern fujian dialect zones 


Gable wall 
(with/without) 


Enclosing walls 
( With/Without) 


without with 


Village name Roof form Color combinations Plan form Facade style 


Xuan Shan roof, Xie Shan roof white, red 


Shuanghan Village 


complex-style courtyard-style 


Shanping Village Xuan Shan roof, Xie Shan roof white, yellow without with complex-style courtyard-style 


Guiyang Village Xuan Shan roof, Xie Shan roof white, yellow without with complex-style courtyard-style 


Foling Village Xuan Shan roof, Xie Shan roof white, yellow without with complex-style courtyard-style 


Gaoyang Village Xuan Shan roof, Xie Shan roof white, yellow without with complex-style courtyard-style 


Zengban Village Xuan Shan roof, Wu Dian roof white, yellow without with complex-style courtyard-style 


Baitan Village Xuan Shan roof, Xie Shan roof without without 


Wanzhai Village 
Jianguo Village 


white, yellow independent-style | courtyard-style 


Xuan Shan roof white, yellow without with Weilou-style Tubao-style 


Xuan Shan roof, Xie Shan roof white, yellow without without Weilou-style Tubao-style 


Kuicheng Village Xuan Shan roof, Xie Shan roof white, yellow without with Weilou-style Tubao-style 


2 Landscape gene extraction of traditional village in scape features of different types of residences, this study 


the Minjiang River Basin encodes various landscape elements and analyzes their 


To clarify the morphological characteristics of resi- ponetanions: \ Table. 27% 


dential buildings in the basin and explore the typical land- 


Table 3. Correlation analysis of village landscape elements 


Color Gable wall 
(with/without) 


enclosing wall 


Roof form Plan features Facade styles 


( with/without) 
—0.143 0.853 0.187 * 0.055 0.141 

Color combinations 1 —0.157 —0.024 —0.196* — 0.236 * 
Gable wall( with/without) —0.157 1 0.142 0.091 0.023 
—0.024 0.142 1 —0.419 ** 0.135 
— 0.196 * 0.091 —0.419™ 1 0.635 ™* 
— 0.236 * 0.023 0.135 0.635 ** 1 


combinations 


Roof form 


Enclosing wall( with/without) 


Plan features 


Facade styles 


The study reveals that the roof form is significantly 
related to whether there are enclosing walls or gable walls. 
In terms of roof form, the Xuan Shan roof is the basic fea- 
ture of residential buildings in the basin, which reflects, 
combining together with Ying Shan roof and Wu Dian 
roof, Xie Shan roof, different architectural forms. Specific- 
ally, the residential buildings with Xuan Shan roofs usual- 


ly lack prominent landscape features of gable walls, while 


the residential buildings with Ying Shan roofs often dis- 
play various forms of gable walls and enclosing walls. 
Another set of landscape features consist of color, 
plan and facade features. Due to its location in the south- 
eastern coastal region and distance from political centers, 
Fujian used to experience banditry and clan conflicts. To 
ensure the safety of settlements, the ancestors used earth, 


lime, and river sand as primary materials, mixed with 
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brown sugar, egg white, and glutinous rice water, to create 
a trinity mixture fill which was of great toughness and 
used to build the enclosing walls of buildings. This gave 
the Tubao-style and Weilou-style residential buildings 
landscape features dominated by yellow tones. 

In general, the various architectural landscape elements in 
the basin interact and connect with each other, forming a u- 
nique architectural style. By analyzing their correlations, pre- 
liminary insights can be gained into the composition of land- 
scape elements in different types of residences, leading to the i- 
dentification of 5 main combination features: Xuan Shan roof 
+ without gable walls, Ying Shan roof + gable walls, 
Weilou-style + Tubao-style + enclosing walls, Complex-style 
+ Courtyard-style + enclosing walls, and without enclosing 
walls + Independent-style + Courtyard-style. These findings 
provide a basis for the subsequent floristic division of the land- 
scape genetic map of traditional village in the Minjiang River 


Basin. 

3 Floristic division of traditional village in the Min- 
jiang River Basin 

3.1 Results of the floristic division 


Based on dialect zones, landscape genetic similarity 
calculations were conducted for traditional villages in the 
basin. With the naming of “dialect zone + typical village 
landscape feature,” the basin can be divided into 9 major 


floristic divisions and 4 sub-divisions (Figure 3). 


Wu Dialect A 
Zone 


Floristic Division in the Minjiang River Basin 


|) Hakka courtyard area 

MBE Shaojiang courtyard area 

OO Eastern Fujian courtyard area 

0 Easter Fujian mixed area 

(7) Central Fujian Courtyard area 

| Central Fujian enclosed building area 
GE Norther Fujian courtyard area 

()) Southern Fujian courtyard area 
Southern Fujian enclosed building area 


ZZ, Northern Fujian gabbled roof courtyard area 
Shaojiang independent courtyard area 
_} Shaojiang combined courtyard area 

LL) Northern Fujian mixed roof courtyard area 


Traditional Villages in the Basin 


@ Courtyard Building 
4 Enclosed Building 


Figure 3 Floristic Division of Traditional Villages in 
the Minjiang River Basin 
During the calculation, traditional villages with simi- 
lar or identical landscapes manifested the spatially adja- 
cent and clustered distribution characteristics. This con- 
forms to the characteristics of floristic division, where 


landscape features are similar, cultural backgrounds are 
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shared, and geographical distribution is continuous and 
concentrated. It further validates the scientific nature of 
the conclusions. In terms of quantity, the region with the 
most traditional villages is the Eastern Fujian courtyard 
area, with a total of 21 villages. The Central Fujian en- 
closed building area has the fewest number of villages, 
with only 4. In terms of landscape features, the courtyard- 
style rammed earth residences dominated by yellow and 
white colors are a typical characteristic of village architec- 
ture in the basin and are distributed across various cultural 
regions. The Earthen-Castle residences, characterized by 
their main materials of rammed earth and gravel, are an- 
other architectural style found in traditional villages across 
the Middle, Eastern and Southern Fujian cultural regions. 
In terms of landscape genetic similarity, Southern Fu- 
jian courtyard area has the highest internal landscape ge- 
netic similarity, reaching 0.97. The landscape sub-region of 
Northern Fujian gabled roof courtyard area has a relatively 


lower internal landscape genetic similarity of 0.78. 


3.2 Extraction of typical features of landscape floristic di- 


visions in the basin 


The analysis and extraction (Table 4) of typical 
landscape features of different dialect zones based on the 
landscape genetic theory of “intrinsic uniqueness, extrinsic 
uniqueness, local uniqueness, and overall dominance” 
[15] were conducted to explore their formation mecha- 


nisms. 
3.2.1 Hakka cultural region 


Rammed earth and brick were the main materials 
used, and courtyard-style residences with white-washed 
walls were the basic type of traditional village landscape 
in the Hakka cultural region. The Hakka people are an eth- 
nic group formed through migration, and after several 
generations of long-distance migration from north to 
south, their kinship and clan concepts were strengthened 
and consolidated through struggles with nature and socie- 
ty. To meet the needs of Hakka people living together as 
extended families and worshipping their ancestors, the 
“nine halls and eighteen wells” style residences evolved 
from courtyard-style residences. In terms of culture and 
folklore, due to the isolation of villages in remote 
mountains with limited external interactions, they have re- 
tained the customs, dress, and culture of the northern re- 


gions over time. They are regarded as the “living fossils” 
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for the study of ancient Central Plains culture. 
Table 4 Floristic division system of traditional village in Minjiang River Basin 


Floristic division( similarity) Sub-division( similarity) Culture region Landscape genetic feature 


Xuan Shan roof, without gable wall, yellow + white, 
Hakka courtyard area( 0.87) / Hakka culture 


courtyard-style 


complex courtyard commercial and Ying Shan roof, stepped gable wall, white + grey, 
area( 0.88) 
independent courtyard 


area( 0.85) 


travel culture courtyard-style 


Shaojiang courtyard area — : 
: Xuan Shan roof, without gable wall, white + grey, 
Monkey King culture 
courtyard-style 


Central Fujian courtyard Ying Shan roof, without gable wall, yellow + white, 
area( 0.86) 
Central Fujian enclosed 
building area( 0.88) 
Eastern Fujian courtyard 


area( 0.83) 


multiple cultures 
courtyard-style 


. Ying Shan roof, without gable wall, yellow + white, 
multiple cultures : 
Weilou-style 


Ying Shan roof, stepped gable wall, yellow + white, 


Agricultural culture, 


Marine culture courtyard-style 


Eastern Fujian mixed area 


/ / 


Southern Fujian courtyard 


area( 0.97) 


She culture 


Xie Shan roof, without gable wall, yellow + white, 


courtyard-style 


Southern Fujian enclosed 


building area( 0.89) 


She culture 


Xie Shan roof, without gable wall, yellow + white, 


Weilou-style 


mixed roof courtyard 
area(0.92) 


Snake culture, 


Carp culture 


mixed roof, without gable wall, yellow + grey, court- 


yard-style 


Northern Fujian courtyard area 
gabled roof courtyard 


area( 0.78) 


3.2.2 Shaojiang cultural region 


In the Shaojiang cultural region, courtyard-style resi- 
dences are predominant in the villages, and they can be 
further subdivided based on architectural forms into two 
major areas: The Shaojiang Xuan Shan roof courtyard area 
and the Shaojiang Ying Shan roof courtyard area. 

Shaojiang Xuan Shan roof courtyard area: the main 


” 


form in this region is the “atrium-style ” residence with 
wooden structural support and walls made of a mixture of 
bricks and earth. Due to the small scale of the villages, the 
residences are centered around the atrium with relatively 
independent space as their feature. The cultural customs of 
the villages have been well preserved, with the “Monkey 
King culture” that has both Fujian and Taiwanese charac- 
teristics being the main representation. 

Shaojiang combined courtyard area: this region was 
once a famous commercial and trading zone and an impor- 
tant transportation hub. To facilitate trade, wealthy mer- 
chants embarked on extensive construction in this area, 
forming a rich commercial and travel culture. Compared to 
regular residences, the residential buildings in the region 
are predominantly made of blue bricks. Based on the inde- 
pendent atrium-style residence, they are combined and ex- 
panded into larger “three entrances and nine halls” style 


residences. In terms of roof forms and gable wall shapes, 


Tea culture, Zhu Xi culture 


Ying Shan roof, stepped gable wall, yellow + white, 


courtyard-style 


they exhibit distinct northern characteristics. Carvings and 
decorations mainly depict daily scenes, animals, plants, 
and folk stories, giving more intricate and vivid details 


compared to regular residences. 
3.2.3 Central Fujian cultural region 


Located in the inland area of Fujian Province and de- 
veloped relatively late, the Central Fujian region is prima- 
rily populated by immigrants from other areas. Therefore, 
the tradition and architectural forms in this region reflect a 
fusion of multiple cultures. Just within the city of Yong’an 
alone, there are two main types of residences: courtyard- 
style and Tubao-style, scattered throughout. If subdivided 
based on scale, materials, and architectural forms, the vari- 
ety would be even more diverse. Due to its location in the 
mountains with abundant timber resources, the residences 
in the Central Fujian region extensively use wooden struc- 
tures for support, forming the architectural characteristic 
known as “thousand-pillar standing” in Central Fujian 
residences. 

3.2.4 Eastern Fujian cultural region 

The Eastern Fujian cultural region is adjacent to the 
East China Sea, with well-developed shipping routes. The 
traditional villages in this region exhibit different charac- 
teristics in its development corresponding to the rise and 


decline of maritime trade routes. Historically, to escape 


http: // www.viserdata.com/journal/jsa 


8 Journal of South Architecture 1; (2024) 1-9 


continuous warfare, a large number of people from north- 
ern regions migrated to the south multiple times. The ad- 
vantageous geographical location made Fuzhou the pre- 
ferred destination for people who were migrating to Fujian 
along the coastal route. During the early period of migra- 
tion, the immigrants combined northern architectural cul- 
ture with local residences, adding exaggerated and diverse- 
shaped fireproof gable walls to the atrium-style dwellings. 
As the economic center shifted southward and the mari- 
time Silk Road developed, a large number of businessmen 
and the gentry families settled in the region. During this 
period, the residences became larger in scale, and carvings, 
paintings, and plaster sculptures became more lively and 
exquisite. These formed the grand and meticulously craf- 
ted architectural characteristics of Eastern Fujian court- 
yard-style dwellings. During the Ming and Qing dynasties, 
there were frequent coastal invasions by foreign forces, 
and the Eastern Fujian region experienced significant war- 
fare. To resist conflicts and protect their homes, villagers 
built enclosing walls using rammed earth and gravel, and 
erected watchtowers and forts around their residences for 
observation and defense. Most of the earthen castle com- 
plexes in the Eastern Fujian region were constructed dur- 
ing this period. 

3.2.5 Southern Fujian cultural region 


Based on architectural forms, the Southern Fujian 
cultural region can be divided into two major sub-regions: 
courtyard area and enclosed building area. In terms of cul- 
tural beliefs, the region is predominantly influenced by the 
She ethnic minority culture, exhibiting a combination of 
She and Han cultural elements. As the basin only encom- 
passes a small portion of the Southern Fujian area, the ar- 
chitectural forms do not prominently feature the typical 
characteristics of Southern Fujian villages such as “red 
brick and red tile” or “fusion of Chinese and foreign ele- 
ments.” Instead, the main architectural style is similar to 
that of Central Fujian residences which are primarily 
yellow-white overhanging gabled roof courtyard dwellings 


using rammed earth and wood as the main materials. 
3.2.6 Northern Fujian cultural region 


The Northern Fujian region is rich in forest resources, 
and wood and rammed earth are the primary building ma- 
terials. Based on the characteristics of residential land- 


scapes, the region can be further divided into two sub-re- 
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gions: Northern Fujian mixed roof courtyard area and 
Northern Fujian gabled roof courtyard area. 

Northern Fujian mixed roof courtyard area: this area 
is abundant in forest resources and home to various snake 
species. Over time, the local people have regarded snakes 
as divine beings and worshipped and offered sacrifices to 
them, giving rise to a unique snake culture. Architectural- 
ly, the combination of Xuan Shan roof and Xie Shan roof 
is the main characteristic of this region. 

Northern Fujian gabled roof courtyard area: the main 
cultural influences in this area are Zhu Xi (a prominent 
Confucian philosopher) culture and tea culture. The estab- 
lishment of academies and schools with the aim of promo- 
ting Zhu Xi culture is a typical feature of the villages in 
this region. “Tea culture” originated from Wuyi Mountain, 
where tea merchants flocked in ancient times. Due to the 
beautiful scenery of Wuyi Mountain and the demand for 
tea trade, wealthier merchants settled near tea roads, resul- 
ting in larger courtyard-style dwellings with beautifully 
shaped gable walls carved with intricate patterns. In terms 
of local architectural style, it combines elements of both 


the region and external influences. 
Conclusion and discussion 


This study focuses on national-level traditional villages in 
the Minjiang River Basin. Firstly, the main factors reflecting the 
landscape characteristics of village residences were determined 
through expert ratings, and corresponding weights were as- 
signed based on their importance. Secondly, the landscape 
characteristics of traditional villages in the Minjiang River Ba- 
sin were summarized. Finally, the concept of landscape gene 
similarity was introduced, and with the help of Arcgis, the tra- 
ditional village landscape regions in the Minjiang River Basin 
were divided based on dialectical cultural areas. The results in- 
dicate that the main combinations of landscape elements are: 
Xuan Shan roof + no gable walls, Ying Shan roof + gable 
walls, Weilou-style + Tubao-style + enclosing walls, com- 
plex-style + courtyard-style + enclosing walls, no enclosing 
walls + Independent-style + courtyard-style. Based on the 
principles of continuity and relative consistency within the land- 
scape regions, and considering the residential landscape features 
and folk beliefs, the Minjiang River Basin can be divided into 9 
major landscape regions: Hakka courtyard area, Shaojiang court- 
yard area, Central Fujian courtyard area, Central Fujian enclosed 


building area, Eastern Fujian courtyard area, Eastern Fujian en- 


closed building area, Eastern Fujian mixed area, Southern Fujian 
courtyard area, Northern Fujian courtyard area. 

In the process of dividing the traditional village land- 
scape regions in the Minjiang River Basin, the research 
discovered that the landscape gene similarity between two 
adjacent regions is higher, comparing to other regions. 
This is partly due to the influences and impacts of differ- 
ent natural conditions, cultural customs, and socio-eco- 
nomic factors during different periods. Among them, natu- 
ral conditions affect the overall layout and choice of 
building materials for the residences; cultural customs in- 
fluence the external appearance and spatial structure fea- 
tures such as functional dividing of the residences; and so- 
cio-economic conditions determine the scale and level of 
refinement of the residences. Any changes in these condi- 
tions will result in different morphological characteristics 
of the residences [ 16]. Significant historical events act as 
important catalysts in this transformation process, either 
accelerating or slowing down the process. In the future, 
the research will take major historical events, that have in- 
fluenced human activities in the basin, as time nodes to 
analyze the development and evolution patterns of build- 
ings in different periods, and further examine and explore 


this conclusion in depth. 


Figure and table sources 

Figure 1: http: // bzdt.ch.mnr.gov.cn. 

Figures 2 and 3: Compiled and drawn by the author based 
on information from reference [11 ]. 

Table 1: Compiled and drawn by the author based on in- 
formation from references [7] and [9]. 

Tables 2-4: Compiled and drawn by the author based on 
the “Fujian Residential Buildings” and the “First, Second, 
and Third Batch of Traditional Village Listings in Fujian 


b 


Province,” as well as field research. 
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ABSTRACT: Countryside is an integral part of China’s social and economic systems. For a long time, the continuous growth of rural carbon emis- 
sions has led to a series of social, economic and ecological consequences. Carbon emission reduction has become a critical task for rural revitaliza- 
tion and sustainable development in China. Existing studies on low-carbon assessment mainly focus on urban areas, resulting in limited studies on 
rural areas. What’s more, most of the planning strategies for low-carbon villages are also based on subjective evaluation and qualitative analysis, 
lacking support from quantitative simulation. Combining relevant theories, the concept of a rural “carbon atlas” was proposed in this study. The cur- 
rent rural carbon emissions and mathematics, graphics, and rationales of the temporal-spatial evolutionary characteristics were investigated using the 
GIS system as the technical platform for information storage and processing. The spatial domain of carbon emission units based on microscopic res- 
idential sites, factories and markets was defined and investigated. Carbon emissions of each unit were estimated according to energy consumptions 
for life, production and transportation. Later, carbon emissions were expressed and presented visually within the “atlas”. Meanwhile, temporal and 
spatial distribution patterns of carbon emissions in various types of rural areas dominated by different industries were analyzed to provide resources 
and guidelines for building and planning low-carbon countryside and villages. 

An empirical study was undertaken on four different village types dominated by different industries in the Yangtze River Delta. Results show 
that the rural carbon atlas has apparent characteristics of tendentious distribution, periodical changes, and typified structures: (1) Different village 
types have different regional tendencies of high carbon emission. This phenomenon is most evident in industrial villages, where most of the carbon 
emissions happen in large factories or family workshops with large homestead areas. Traditional fishing and agricultural villages are the least repre- 
sentative in this regard because rural industries are mainly small fishing and agricultural families, and the industrial link among families is weak. 
(2) Due to the industry’s cyclical nature, the fluctuation of carbon emissions in different types of villages is significantly different. Since the leisure 
tourism industry is greatly affected by festivals and seasons, the carbon emissions in leisure tourism villages fluctuate the most. Carbon emission of 
professional markets is the most stable, which is attributed to their immunity to seasonal and climatic changes. (2) The rural carbon emission map 
has prominent typified structural characteristics, including the scattered homogeneous pattern (traditional fishing and agricultural village), the group 
infiltration pattern (industrial production village), the dissipative fragmentation pattern (leisure tourism village), and the kernel domain recursive 
pattern (professional market village). Different industrial types lead to noticeable regional differences in the temporal-spatial characteristics and 
trends of carbon atlas. Hence, there is an urgent need to develop an overall optimization strategy and mechanism model. The outcomes from the cur- 
rent study explore the method and practical application of a rural carbon emission atlas, yet more extensive research exploring various facets of the 
atlas are still required. 


KEY WORDS: low-carbon villages; carbon atlas; spatial-temporal characteristic; the Yangtze River Delta 
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Introduction 


In the past few decades, China’s rapid economic 
growth has been closely related to the growth of fossil en- 
ergy consumption and carbon emissions. Statistics show 
that China’s carbon emissions increased from 1.50 tons per 
capita in 1980 at the beginning of the reform and opening 
up to 10.12 tons in 2020[1], with an average annual 
growth rate of 6.58% . The rapid economic growth of near- 
ly 10% per year came at the cost of resources and envi- 
ronment. China has already surpassed the United States as 
the world’s largest carbon emitter, and there is a long way 
to go to achieve the Paris Agreement’s goal of reducing 
carbon dioxide emissions by 60% -65% by 2030 compared 
to the figures from 2005[2 ]. 

Agriculture, farmers, and rural areas are important 
components of China’s social and economic systems[ 3]. 
According to statistics, there are millions of villages and 
tens of thousands of townships in the country, with a large 
quantity and wide area. The resident population in rural 
areas accounts for 36.11% of China’s total population 4], 
and the per capita GDP in rural areas accounts for about 1/ 
4 of the country_5_]. However, the society's acknowledge- 
ment of sustainable and low-carbon development in rural 
areas has always been insufficient, and investment in rural 
ecological protection and low-carbon development is rela- 
tively low. Increasing carbon emissions in rural areas have 
become an ecological issue that cannot be ignored. On the 
one hand, the current rural energy use model has formed a 
solid “carbon locking effect”, and the technological loc- 
king and path dependence of energy use have led to “car- 
bon degradation barriers”. On the other hand, with the 
gradual infiltration, transfer, and agglomeration of urban 
“high energy consumption, high pollution, and high in- 
vestment” industries from cities to rural areas, the total 
carbon emissions in rural areas have seen an “irreversible” 
growth [6].The continuous growth of rural carbon emis- 
sions has led to a series of social, economic, and ecologi- 
cal consequences, such as the deterioration of the agricul- 
tural ecological environment, the physical health of villag- 
ers being affected, and the intensification of urban-rural 
conflicts|_7]. From this, it can be seen that rural construc- 


tion in the low-carbon context is an inevitable trend and 


mission, and it is also an urgent demand for rural transfor- 
mation and development under the “new normal”. The 
low-carbon development of rural areas has also become an 
unfrivolous part of China’s low-carbon process. 

However, the current research on low-carbon ecologi- 
cal rural assessment and planning strategies mostly focus 
on subjective evaluation and qualitative analysis [8 |, lac- 
king quantitative measurement of rural low-carbon devel- 
opment, and the evaluation indicators and planning strate- 
gies lack support from objective quantitative carbon emis- 
sion data. At present, research on calculating greenhouse 
gas emissions in spatial regions using quantitative meth- 
ods mainly focuses on the national, provincial, or city lev- 
els, with relatively little interest in smaller administrative 
units such as towns and villages[.9 |. The differences be- 
tween urban and rural areas in China in terms of industry 
types, land layout, residents’ lifestyles, and energy input 
methods make it difficult to effectively apply measures de- 
signed to measure urban carbon emission to rural evalua- 
tion, planning, and construction. Therefore, how to effec- 
tively identify the carbon emission characteristics of rural 
areas, construct a carbon emission evaluation model with 
regional suitability, and achieve a balance between sus- 
tainable development and carbon cycling is the focal point 


of current rural planning research and practice. 


1 The current state of research on low-carbon villages 


and atlas studies 


1.1. Theoretical research and empirical evidence of low car- 


bon villages 


From the perspective of historical development, the 
Danish low-carbon organization GAIA first proposed the 
concept of “low-carbon rural” in 1991 and clarified the 
three necessary conditions for low-carbon rural areas: low- 
carbon agricultural production supplies, advanced low-car- 
bon planting and breeding technologies, and a diversified 
clean energy structure [10]. Afterwards, low-carbon rural 
practices were further expanded in other countries, and di- 
verse characteristics were put forward: © the “zero car- 
bon emission” township communities in Beddington, UK 
[11]; @ The low-carbon rural construction strategy of 
“Green France” in France; @) The ecological tourism de- 


velopment of Jeju Island’s Seongeup Folk Village in South 
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Korea [12]; @ The natural environment protection base 
in Hezhang Village, Shirakawa-go, Japan [ 13]. The re- 
search on low-carbon rural areas in China is still in its ear- 
ly stages, and there are still the drawbacks of being imma- 
ture and unsystematic in the exploration of low-carbon ru- 
ral areas. Representative examples include Wu Liangyong 
from Tsinghua University’s pilot exploration of rural eco- 
logical living in Zhangjiang, Liu Jiaping from Xi’an Uni- 
versity of Architecture and Technology’s practice of rural 
indigenous architecture in Yunnan and other regions, and 
Wang Zhu from Zhejiang University’s research on the tra- 
ditional wisdom of green kiln dwellings on the Loess Plat- 
eau. 

By consulting relevant literature, it can be found that 
research on low-carbon rural areas is gradually becoming 
a focus and hotspot in the academic community. Among 
them, quantitative research using mathematical methods 
mainly pursues the following directions: © construction 
and evaluation of accounting models for rural carbon e- 
missions [ 14,15]; @ the spatio-temporal differences in 
and influencing factors for rural carbon emissions [ 16 ]; 
@ the carbon spatial form and construction strategy of 
low-carbon rural areas [17]; © construction and practice 
of the evaluation index system for low-carbon rural areas 
[18]. The academic achievements of relevant scholars 
provide ideas and methodological references for research. 
However, existing research has paid less attention to issues 
at the level of individual rural areas. In fact, as the smal- 
lest administrative unit in China, the micro characteristics 
and spatial patterns of carbon emissions in towns and vil- 
lages can serve as an important basis for formulating low- 
carbon control strategies. Therefore, there is an urgent 
need for targeted research and exploration on the micro 
spatial status of low-carbon rural areas and their influen- 


cing factors. 
1.2 Concept of atlas and application of spatial atlas 


Atlas is a systematic methodology that uses graphs, 
spectrum, and other methods to extract and express com- 
plex phenomena [19]. A graph is a representation of static 
features of an object, used to describe its current state; 
spectrum is a description of the dynamic laws of objects, 


reflecting the evolutionary process and the typified char- 
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acteristics of spatiotemporal sequences. Tracing back to 
the source, atlas has been adopted in fields such as acupoint 
maps in medicine, gene maps in biology, spectra and spectros- 
copy in physics, all of which rely on graphs and spectra to 
analyze a series of complex phenomena and problems 
[20]. The concept of atlas was first applied to the study of 
spatial objects in Academician Chen Shupeng’s book At- 
las Methodology for Geo-Information Science published in 
2001 [21], which used examples to reveal how to con- 
struct and apply spatial information altases with the sup- 
port of spatial databases, and proposed concepts such as 
“hydrological atlas”, “urban atlas”, and “landscape atlas”. 
Afterwards, the specific theory and application of spatial 
altas continued to evolve, mainly focusing on the follow- 
ing aspects: (@) exploration of the concept and theoretical 
evolution of spatial atlas [22]; @ exploring the methods 
and expression patterns of spatial atlases (23, 24]; @ ex- 
ploring the regional practice and application strategies of 
spatial atlas [25]. 

Overall, although the theoretical system, method 
models, and practical applications of spatial atlas are rela- 
tively mature, they are rarely applied to the analysis of 
spatial patterns of rural areas or carbon emissions. On this 
basis, the concept of rural carbon atlas is innovatively pro- 
posed here, using geographic information systems (GIS) 
as a technical platform for information storage and pro- 
cessing. The current situation of rural carbon emissions 
and the characteristics of spatiotemporal evolution are ex- 
plored mathematically, graphically, and causally, and re- 
flected in spatial graphical expression, thus achieving intu- 
itive analysis of the spatial pattern of rural carbon emis- 


sions (Figure 1). 


2 Construction of carbon atlas model for low-carbon 


villages 
2.1 Research sample selection and data sources 


The Yangtze River Delta region has a large and ex- 
tensive number of rural communities-over 3,100 of them- 
accounting for 9.4% of the total number of rural commu- 
nities in China. This provides a large number of case sam- 
ples for the research and practice of rural communities 
[26]. As a rural area with relatively complete infrastruc- 


ture and industrial models, villages in the Yangtze River 
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Delta have significant regional characteristics such as di- 
versified industrial models, modernization of construction 
technology, and urbanized lifestyles 18]. These character- 
istics make the trend of “high carbon” emissions in rural 
areas of the Yangtze River Delta increasingly obvious. Es- 
pecially in recent years, the non-agricultural transforma- 
tion of rural industries has led to the implantation of a 
large number of “high carbon emission” industries led by 
processing and manufacturing industries and leisure serv- 
ices into rural areas, resulting in a sharp increase in overall 
carbon emissions in rural areas and severe damage to the 
ecological environment. 

Based on the different types of dominant industries in 
rural areas of the Yangtze River Delta, typical villages are 
selected as research samples according to theclassifications 
of traditional fishing and agriculture, industrial production, 
leisure tourism, and professional market{ 27]. The data 
sources involved in this study mainly include statistical 
data and field research. The statistical data mainly comes 
from the “Rural Energy Yearbook”, environmental quality 
reports, online statistical databases, etc. Empirical data are 
collected through two methods: department visits and on- 
site research. Department visits refer to collecting data 
from the administrative departments where the villages are 
located. The content of on-site research can be divided in- 
to three parts: behavioral and cognitive surveys, spatial 
form surveys, and energy consumption surveys. (1) Be- 
havioral and cognitive surveys record the daily production 
and living activities of villagers through questionnaires 
and interviews; (2) Patial form surveys clarify the unit 
boundaries of rural carbon emissions; (3) Nergy utiliza- 
tion and consumption survey combines a questionnaire 
survey with visits to administrative departments to obtain 
corresponding energy consumption data. The emission 
factor data of energy consumption data refer to the “IPCC 
Guidelines for National Greenhouse Gas Inventories ” 
[28] and the “China Energy Statistical Yearbook” [29], 
while the electricity sector is based on the “China Region- 


al Grid Baseline Emission Factors” [30]. 
2.2 Composition and calculation of carbon emissions 


In rural areas, the process results of energy input, 


transfer, and output are ultimately reflected in the terminal 


composition of carbon emissions, which includes carbon 
emissions from domestic use (cooking, lighting, electrical 
appliances, heating), direct or indirect carbon emissions 
from industrial energy in functional spaces, and carbon e- 
missions from transportation within and between villages 
[14] (Table 1). 

(1) Measurement of carbon emissions from produc- 
tion and residential use: the 2006 IPCC National Green- 
house Gas Inventory Guidelines (referred to as the Guide- 
lines) published by the Intergovernmental Panel on Cli- 
mate Change (IPCC) established a basic framework sys- 
tem for carbon emission accounting [31-32 ].The Guide u- 
ses the product of ctivity ata and mission actors as the 
basic calculation formula for greenhouse gas emissions. 


The formula is as follows: 


B,= >) e+ B, 


Among them,E,, is the total emission of CO, and i is 
the i-th energy source, ¢€; is the CO, emission coefficient 
of the i-th energy source, E; is the consumption or usage 
of the i-th energy source, and n is the number of energy 
types. 

(2) Calculation of transportation carbon emissions: 
mainly including internal and external transportation in 
villages. The calculation formula for carbon emissions of 
different transportation modes is: 

Ew= >), ,(Cij * Diy * Pas) 

The estimated E,, is the total carbon emissions calcu- 
lated based on the distance traveled by the vehicle, where i 
represents the vehicle type (such as cars, motorcycles, 
etc.) and j represents the fuel type (such as gasoline, 
diesel, etc.). C;; is the number of vehicles, Dj; is the num- 
ber of kilometers traveled per year by each type of vehicle 
(km), P;; are the average carbon emissions of the vehicle 
(kg/km). 

In summary, the formula for calculating the total car- 
bon emissions of rural residential units is: 

E,= E,+ Ey, 
2.3 Construction and generation of carbon atlas 


(1) Clarifying the boundaries of carbon emission u- 
nits. The units of rural carbon emissions include rural 


homesteads, factories, markets, etc., usually with clear spa- 
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tial boundaries. In addition, there is a common phenome- 
non in rural areas, which is the encroachment and use of 
public spaces in front and behind houses. Through on-site 
spatial morphology research, the specific usage of these 


semi-public spaces is clarified and incorporated into the 


carbon emission boundary [33] (Figure 2). 

(2) Calculating unit carbon emissions. Based on the 
calculation method of carbon emissions, the carbon emis- 
sions of each unit was calculated, and a rural carbon emis- 


sion database was established. 


Construction of rural 


Rural Carbon carbon atlas model 


Emission Spatial 
Atlas Database 


Data 
processing 


Carbon emission 
measurement 
and calculation 
Carbon emission 
boundary unit 
Generation of carbon 
emission atlas 


(>) Homestead, factories, I Homestead, factories, 


and markets and markets 
—_} Space in front and |__| Encroached space 
behind Homestead 


Rural carbon 
atlas outcome 


Spatial analysis 
Time analysis 
Features of each type 


|) Extendedsion units 


Figure 2 Schematic diagram of rural carbon emission unit boundaries 


Table 1 


List of energy consumption and carbon emissions in rural areas [14 ] 


Energy usage type 


Emission source 


Activity level data 


Daily energy consumption A 


Consumption of commodity energy A; 


Electricity, heat, gas, and coalconsumption 


Consumption of straw and firewood A2 


Consumption of straw and firewood 


Biomass energy consumption such as biogas A3 


Biogas usage 


Production energy consumption B 


Fishing and agricultural production B, 


Electricity, diesel, and fertilizer usage 


Industrial production Bz 


Electricity, heat, gas, coal, straw and firewood usage 


Tertiary industry B3 


The usage of electricity, heat, straw and firewood 


Transportation energy consumption C 


Private cars C, 


Gasoline and diesel usage 


(3) Classification of carbon emissions data. Based on 
the carbon emission database, the mean and standard devi- 
ation of the data within each sample were calculated, and 
then a hierarchical graph distribution was performed: low 
carbon[| min, mean standard deviation |, low to medium 
carbon emissions (mean standard deviation, mean |, medi- 
um to high carbon emissions (mean, mean + standard de- 
viation |, high carbon (mean + standard deviation, max ], 
all mean and standard deviation are taken as integers. 

(4) Carbonatlas generation. According to the classi- 
fication of carbon emission data, different depth color 
blocks are used to calibrate rural units with different car- 
bon emission levels [34], and ultimately form a carbon e- 


mission spatial atlas of the entire rural area (Figure 3). 
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3 Analysis of spatiotemporal characteristics of carbon 


atlas in low-carbon villages 


3.1 “Tendency” distribution characteristics of carbon atlas 


Relevant literature points out that industrial planning 
in cities and towns has a “top-down” characteristic. Gen- 
erally speaking, the carbon emission spatial pattern of the 
secondary industry shows a significant increase from the 
inner circle to the outer circle, while the high carbon emis- 
sion spatial pattern of the tertiary industry is mostly con- 
centrated in the urban area. Therefore, the spatial distribu- 
tion of carbon emissions in cities has a strong tendency 
and similarity. In comparison, the distribution of industries in 


rural areas often has a “bottom-up” spatial tendency, and the 
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influencing factors of different industries in rural areas (such as 
tural roads, environmental resources, village patterns, etc.) dif- 
fer significantly between villages, reflecting the different spatial 


distribution characteristics of industries in each village, as well 


Selecting sample cases and 
conducting research 


Clarifying the boundaries 
of carbon emission units 


as the different tendencies and agglomeration of carbon emis- 
sion patterns. There are significant differences in the character- 
istics of carbon emission spatialatlas among the four types of 


rural areas, as follows: 


Generatinge 
carbon emission atlas 


Figure 3. Schematic diagram of the generation process of rural carbon emission atlas 


(1) The carbonatlas of traditional agriculture and 
fisheries has a weak spatial “tendency” and no obvious 
high carbon regions. Almost every household in this type 
of rural areas is engaged in the fishing and agricultural in- 
dustry, with similar industrial models and little impact 
from the location of homesteads, so the spatial differences 
in carbon emissions are not significant. Taking Lupu Vil- 
lage as an example (Figure 4-a), rural industries are most- 
ly dominated by small fishing and agricultural households, 
with weak industrial links between each household. There 
are no large-scale production and processing factories, and 
therefore no obvious high carbon emission areas. 

(2) The spatial “tendency” of the carbon atlas for in- 
dustrial production is significant, and the morphology of 
high carbon emission regions is mostly clustered and 
blocky. There is a “industrial chain” dependency relation- 
ship between carbon emission units in this type of rural 
area, and some units will spontaneously form a “ produc- 
tion alliance” that integrates manufacturing, processing, 
transportation and other functions [36 |. Therefore, the in- 
dustrial form often expands in a “imitative” manner within 
the cluster, and thus has a clear regional tendency. Taking 
Dazhuyuan Village as an example (Figure 4-b), high car- 
bon emission areas appear near large factories or family 
workshops with large homesteads. At the same time, be- 
cause the carbon emissions of each link in the “industrial 
chain” are different between high carbon emissions of 
rough processing in the early stage of bamboo processing 


and production and the relatively low carbon emissions of 


fine processing such as weaving in the later stage of pro- 
duction, the carbon emissions differences between house- 
holds are also relatively significant. 

(3) The carbon atlas of leisure tourism has a clear 
spatial “tendency”, with high carbon areas concentrated 
near the sides of roads or landscape centers with conven- 
ient transportation. Due to the obvious dependency on 
tourist sources, the agglomeration effect of agricultural, 
fishing and foreigner-friendly resorts is significant. They 
are mostly distributed in areas with convenient transporta- 
tion along the streets or in areas with better scenery, which 
can attract more tourists. Therefore, the carbon emissions 
of these areas are obviously higher. Units with weak ac- 
cessibility and poor natural resources can only intermit- 
tently receive tourists during peak tourist seasons due to 
low passenger flow, resulting in lower carbon emissions. 
From the spatial distribution of Zhangluwan Village (Fig- 
ure 4c), the difference in carbon emissions decreases 
from the street to the interior of the village, and the differ- 
ence between inside and outside is very obvious. 

(4) The spatial “tendency” of the professional mar- 
ket-oriented carbonatlas is more obvious, with high carbon 
areas concentrated in the main streets or near the market. 
Commercial households are mainly distributed along the 
main street and both sides of the river in the settlement, 
and the cellular organization is characterized by linear ag- 
gregation. The large market is the “growth pole” of rural 
areas, which has a significant driving effect on the region- 


al economy and living space. Taking Nanbei Lake Village 
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as an example (Figure 4d), high carbon emission areas 
appear near main streets or markets, in the form of inte- 
grated units of shops and houses, while distant homesteads 
may only serve residential purposes, resulting in lower 


carbon emissions. 


3.2 “Cyclical” variation characteristics of carbon atlas 


The specific content and nature of rural industries de- 
termine the differences of periodic changes in energy con- 
sumption and carbon emissions, as well as the fluctuation 


of such changes: 


a.Lupu Village Village b.Dazhuyuan Villag 
homestead 
— . ’ 
Fe, ‘Bamboo ® ° 
) x 4 product 
‘™ \ Foo) Ca factor ml ey = tr 
4 cer. F 
ae j “a , - Auditorium 
Pl f ys ¢ 
- | 
. eo ~~ 
Monthly average 5B — Monthly average 
carbon emissions | |Ramboo : carbon emissions 
mm >685 kg Pont + | Wm >1295 kg 
Village Wm 544-685 kg Wm 982-1295 ky 
homestead 403-544 kg 669-982 ke 
0 20m Forestry factories <405 kg 0 20m <669 kg 
c.Zhangluwan Villag , iq d.Nanbeihu Lake Village Convenience Village 
fu pe I Village homestead store | homestead 
jul “ae 
ae i Village KS 
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ji 8 — Agricultural 2 
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Figure 4 Carbon emission atlas of typical low-carbon villages 


spring(Mar-May) summer(Jun-Aug) 


» 


A yy 


autumn(Sept-Nov) winter (Dec-Feb) 


In spring, the carbon emis- 
sions of forestry factories 
are relatively high, and the 
carbon emissions of rural 
residents are also appro- 
priately increased. The 
carbon emissions of 
household energy are rela- 
tively low 


Figure 5 


In summer, the carbon emis- 
sions of rural residents' 
household energy increase 
significantly with the use of 
air conditioningnin, and,. the 
carbon emissions of agricul- 
ture and forestry are rela- 
tively low 


(1) Traditional fishing and agricultural rural areas 


Tn autumn, the carbon 
emissions of forestry fac- 
tories are relatively high, 
and the carbon emissions 
of rural residents are also 
appropriately increased. , 
The carbon emissions 
from fishing have also in- 
creasesd. 


In winter, the carbon 
emissions from villagers' 
domestic energy use in- 
creases with the use of 
air conditioning, and the 
carbon emissions of for- 
estry factories are also 
relatively large 


The “periodic” change characteristics of the carbon atlas in Lupu Village 


have the smallest total carbon emissions and less fluctua- 
tion. The carbon source composition of this type of rural 
area is mainly composed of rural residential energy, fish- 
ing and agriculture. The peak period of carbon emissions 


from agriculture and forestry is mainly concentrated in 
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spring and autumn (planting and harvesting seasons ), 
while the peak period of carbon emissions from fishing is 
from October to April of the following year (fishing sea- 
son), and the low period is concentrated in May to Sep- 
tember (non-fishing season). The peak period of carbon 


emissions from rural residential energy is concentrated in 
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summer and winter (Figure 5), and the overlap time of the 
three carbon emission peaks is short. Therefore, the overall 
fluctuation of carbon emissions is relatively stable, with a 
fluctuation range within 50% of the total. Meanwhile, due 
to the characteristics of the industry, its total carbon emis- 
sions are relatively low, and the carbon sink of green 
plants is significant, resulting in its total carbon emissions 
being the lowest among the four rural types. 

(2) Industrial production oriented rural areas have 
the highest total carbon emissions and significant fluctua- 
tion. The carbon source composition of this type of rural 
community mainly includes industrial production, trans- 
portation energy, and domestic energy. Due to the alloca- 
tion arrangement of industrial chain division of labor, 
there is a near-fixed pattern in the distribution of produc- 
tion in rural areas. In response to the increase or decrease 
in product demand and changes in order rhythm, produc- 
tion intensity will undergo certain periodic changes (Fig- 
ure 6). The peak of carbon emissions is usually concen- 
trated in summer (peak production season), while the low 
peak is in winter (off-season production), with fluctua- 
tions within 80% of the total. The total carbon emissions 
may vary significantly depending on the specific products 
produced and processed in different rural areas, but over- 
all, they are still higher than other types of rural areas. 

(3) The total carbon emissions of leisure tourism o- 
riented rural areas are relatively large and have the highest 
fluctuation. The carbon source composition of this type of 
rural areas is mainly composed of service industry and 
transportation. Due to the significant impact of festivals 
and seasons on the leisure tourism industry, the fluctuation 
of carbon emissions is also the most significant, even reac- 
hing a fluctuation of 300%, exceeding the “critical value” 
that the environment can withstand. The peak is mostly 
concentrated in February (Chinese New Year), May (La- 
bor Day), October (National Day), and winter and sum- 
mer (Figure 7). Especially during the “Golden Week of 
Tourism” when lodging prices are rising, families not run- 
ning agricultural, fishing and foreigner-friendly resorts 
make forays into these businesses. Therefore, the increase 
in carbon emissions will be very significant, and the car- 


bon emissions at these two periods will even surpass those 


of industrial rural areas. The development of agricultural, 
fishing and foreigner-friendly resorts is accompanied by a 
large amount of high carbon emissions due to activities 
like cooking, barbecue, refrigeration and heating, and mo- 
tor vehicle driving, resulting in a relatively large total car- 
bon emissions in rural areas. 

(4) The total carbon emissions of professional mar- 
ket oriented rural areas are relatively low and have the 
least fluctuation. The carbon source composition of this 
type of rural area is mainly composed of domestic energy 
and service industries. The periodic changes in carbon e- 
missions of professional market-oriented enterprises are 
not significant, and the differences in production and oper- 
ation conditions throughout the year are relatively small 
(Figure 8). However, there are also large-scale “trade 
fairs” and other activities that will sharply increase rural 
carbon emissions in the short term, with fluctuations ran- 
ging from 50% to 100% . For e-commerce villages such as 
Taobao Village, the stability of carbon emissions is higher 
and is basically unaffected by climate and season. Moreo- 
ver, due to the fact that this type of rural areas mainly uses 
electricity, thermal energy, and transportation energy, its 
carbon emissions are not high, and the total amount is on- 
ly about 1.3 to 1.5 times that of traditional fishing and ag- 


ricultural rural areas. 


3.3. “Typological” structural characteristics of the carbon 


atlas 


Using GIS software for spatial data integration analysis of 
carbonatlas can more intuitively discover the spatial typological 
structural characteristics of their carbon emissions: 

(1) Cluster-based infiltration pattern: industrial pro- 
duction-oriented rural areas can reduce commuting con- 
sumption and improve the efficiency of public supporting 
facilities and services through moderate concentration, in- 
filtration, and scaling of production and operation. 

From an empirical perspective, a large number of in- 
dustrial “small production” clusters rely on transportation 
and river economic lines, forming a concentrated and 
dense clustered spatial form. When reflected in the carbon 
spatialatlas (Figure 9-A), there are obvious carbon emis- 
sion centers in rural areas, gathering a large number of 


high carbon emission units. At the same time, high carbon 
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emission areas have a trend of infiltration and expansion 


along secondary transportation lines. 


summer (Jun-Aug) 


spring (Mar-May) 


‘ In summer, bamboo pro- 
In spring, bambo - 2 
sing ete ae cessing factories and 
household workshops home workshops have the 


highest production and 
' carbon emissions peak ac- 
cordingly. Villagers' 
carbon emissions also in- 
crease significantly with 
the use of air condition- 
ing. 


have moderate carbon 
emissions, and villagers 
domestic energy use has 
low carbon emissions. 


autumn (Sept-Nov) 


In autumn, carbon emis- 
sions from bamboo pro- 
cessing factories and 
household workshops 
gradually decrease rela- 
tive to summer, and 
carbon emissions from 


villagers' domestic energy 


use significantly de- 
crease. 


winter (Dec-Feb) 


In winter, the factories 
and household workshops 
reduce their production or 
partially stop working, 
and the carbon emissions 
decrease accordingly. 
Carbon emissions from 
residential houses in- 
crease due to heating and 
other activities. 


Figure 6 The “periodic” change characteristics of carbon atlas in Dazhuyuan Village 


spring(Mar-May) summer(Jun-Aug) 


In spring, the business of In summer, the number of 


agricultural and fishing re. People visiting agricultural 
sorts gradually develops, "4 fishing resorts agritain- 
with moderate carbon ment , Fishing Village 


Tourism received Le in- 
creases rapidly, and carbon 
emissions also increase rap- 
idly. At the same time, due 


emissions. Residents have 
relatively less carbon 
emissions in their daily 


autumn(Sept-Nov) 


In autumn, the business of 
agricultural and fishing 
resorts agritainment , 
Fishing Village Tourism 
tends to stabilize slightly. 
After the "Golden Week" 
of National Day in 
October, carbon emis- 


winter (Dec-Feb) 


In winter, The carbon 
emissions of agricultural 
and fishing resorts agrit- 
ainment , Fishing Village 
Tourism are basically 
similar to those of ordi- 
nary villagers, and the 
carbon emissions in rural 


lives. > 
to the hot weather, resi- sions are Significantly re- areas are minimized 
dents' carbon emissions also duced 
increase significantly. 
Figure 7 The“periodic” change characteristics of carbon atlas in Zhangluwan Village 
spring(Mar-May) summer(Jun-Aug) autumn(Sept-Nov) winter (Dec-Feb) 


In summer, and market busi- 
ness is stable and carbon emis- 
sions are moderate. Residents’ 
carbon emissions increase 


In spring, there are relatively 
more bazaars and fairs, with 
relatively high carbon emis- 
sions. Residents' carbon 
emissions are relatively low 


In autumn, there are relatively 
more bazaars and fairs, with 
relatively high carbon emis- 
sions. Residents’ carbon emis- 
sions are relatively low 


In winter, and market busi- 
ness is stable and carbon 
emissions are moderate. 


Residents' carbon emissions 


increase 


Figure 8 The “periodic” change characteristics of carbon atlas in Zhangluwan Village 
(2) Dissipative fragmentated pattern: Due to the high agricultural, fishing and foreigner-friendly resorts, the car- 


spatial distribution of “transportation dependence” among bon atlas structure characteristics of leisure tourism orien- 
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Figure 9 The “typified” structural characteristics of rural carbon atlas 


ted rural areas are obvious. According to Figure 9-B, the 
peak carbon emission areas of this type of rural areas are 
mostly concentrated at the intersection of “road network” 
and “river network”, and there is a trend of outward ex- 
tension and expansion [37]. However, due to the fact that 
most of the business owners of agricultural, fishing and 
foreigner-friendly resorts are self-built or renovated by 
villagers without clear spatial planning, they are mainly 
distributed in rural areas in a scattered and dissipative 
manner. Therefore, the high carbon emission concentration 
areas of the carbon emission atlas also exhibit a pattern of 
being “small, scattered, and fragmented”. 

(3) Core domain recursive pattern: in professional 
market-oriented rural areas, large commercial markets are 
often used as the core domain to coordinate surrounding 
commercial and residential villages. The core new area 
formed by industrial alliances and transaction clusters is 
based on a single or several economic centers, with out- 
ward divergent growth and recursive dissemination (Fig- 
ure 9-C). Analysis shows that high carbon emission cells 
are concentrated near the comprehensive market and trans- 
portation main roads and form a “core domain” of high 
carbon emissions within a range of 2-5km. The farther a- 


way from the “nucleus domain”, the lower the carbon e- 


missions of the village, and the overall rural area features 


a “radial” carbon emission spatial structure. 
Conclusion 


The construction of low-carbon rural areas is an im- 
portant component of green and sustainable development 
in society and economy. Establishing a spatial pattern 
method that can quantitatively evaluate rural carbon emis- 
sions can help government decision-makers, designers, and 
even the public strike the balance point between low-car- 
bon emissions and life and production. It is an important 
basis for rural planning, improvement, and revitalization 
based on the low-carbon premise. The study provides a 
technical method that takes small and micro rural units as 
the research subject, takes carbon emissions generated by 
energy consumption in daily life and production as the re- 
search object, uses geographic information system plat- 
forms as research support, and uses carbon emission atlas 
as research tools. Finally, through the practical application 
of four different industrial types of rural areas in the Yan- 
gtze River Delta, the spatiotemporal characteristics of the 
carbon atlas were obtained: © different types of rural are- 
as have different tendencies towards high carbon emis- 


sions, with industrial production rural areas being the most 
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significant and traditional fishing and agriculture rural ar- 
eas being the least significant; @) due to periodic changes 
in industries, there are significant differences in the fluctu- 
ation of carbon emissions among different types of rural 
areas. Leisure tourism-oriented rural areas have the highest 
fluctuation, while professional market-oriented rural areas 
have the lowest fluctuation. The carbon emission atlas of 
rural areas has obvious structural characteristics of “typi- 
fication”, including scattered homogeneous pattern in ag- 
ricultural and fishing areas, cluster-based infiltration pat- 
tern in industrial areas, dissipative fragmented pattern in 
leisure tourism areas and core domain recursive pattern in 
professional market-oriented areas. 

The study only provides a preliminary exploration of 
the methods and practical applications of rural carbon e- 
mission atlas, and there are still many research directions 
that can be extended [38, 39]: @ multiple dimensions of 
the carbon atlas (spatial, temporal, and spatiotemporal 
combinations); @ multiple types of carbon atlas (symp- 
toms, diagnosis, implementation); @) multi-level hierarchy 
of carbon atlas (macro-, meso-, and microscope). In addi- 
tion, the study may also focus on the characteristics of per 
capita carbon emissions, ground average carbon emissions, 
and time average carbon emissions in rural areas, and pay 
attention to the efficiency analysis of “time-space-individ- 
ual” carbon emissions as a development and extension of 
the study. Of course, this requires a long-term accumula- 
tion and will be the focus of future research. Due to space 
limitations, various details and data in the study cannot be 
fully elaborated. This study is only used as an academic 
starting point to provide ideas and references for other 
scholars’ related research. 
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ABSTRACT: After the Rural Revitalization Strategy was formally put forward in the report of the 19th National Congress of the Communist Party 
of China in 2017, the conservation and utilization of traditional villages and towns have received significant attention from China’ s academic circle 
and society as an important aspect of the strategy. Although many Chinese traditional villages and towns have been reconstructed successfully, there 
are still relatively limited academic studies on the assessment of their performance after utilization. It is a challenge that has to be solved urgently for 
current academic studies on traditional village conservation and updating to develop village renovation techniques to provide a suitable living envi- 
ronment and protect traditional regional characteristics. Therefore, a systematic study on traditional village conservation in China based on demon- 
stration areas has important academic and practical significance in implementing the rural revitalization strategy and promoting overall urban-rural 
development. A post-use quantitative evaluation system of traditional villages and towns was established in the present study by introducing the 
leading space syntax theoretical technology in the field of urban morphological analysis and combining with the AHP-fuzzy comprehensive method, 
combining existing qualitative and quantitative analysis means. Moreover, reconstruction strategies of traditional villages and towns were proposed 
according to feedback information from evaluation results. Results showed that (1) according to a case study based on typical traditional villages 
and towns in Shawan Ancient Town in Guangzhou City, the post-utilization evaluation system of public space in traditional villages and towns dem- 
onstrates applicability and generalizability. (2) From 2010 to 2020, the highly integrated network of Shawan Ancient Town formed a ‘cross’ pat- 
tern. The accessibility and traffic capacity of the road network improved to a certain extent after the renovation. (3) Public space in Shawan Ancient 
Town is ranked as ‘ good’ concerning cultural construction, while the functional evaluation and economic, social effects are ‘ moderate’. Finally, a 
public space conservation and renewal framework of traditional villages and towns was established from the perspectives of an optimized spatial 
layout of ancient towns, enhancing users’ satisfaction and actively conducting cultural activities. This study is expected to provide scientific refer- 
ences to rebuild rural images and inherit regional context. 


KEY WORDS: traditional villages and towns; public space; post- utilization evaluation; Shawan Ancient Town; Space Syntax 


Introduction the carrier of culture, bearing the memories of rural life 


As precious assets of rural society, traditional villages and communication, and inheriting rich historical, cultural, 


and towns are the crystallization of Chinese history and and geographical information[ 1]. Since the proposal of 
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the National Rural Revitalization Strategic Plan (2018- 
2022) in 2017, how to establish a theoretical foundation 
for rural revitalization planning that conforms to the basic 
characteristics and laws of rural development in China, 
and develop county-level rural revitalization planning 
methods and plans has gradually become an important 
topic and key task for academic research and government 
decision-making in China[2]. Under the principle of pri- 
oritizing the development of agriculture and rural areas, 
the conservation and development of traditional villages 
and towns in China will usher in significant historical op- 
portunities. The rural revitalization strategy provides new 
ideas and implementation paths for the conservation and 
development of traditional villages and towns[3 |. Con- 
ducting systematic research on the conservation of tradi- 
tional Chinese villages and towns by combining existing 
qualitative and quantitative analysis methods, focusing on 
key traditional village and town case studies, can help to 
deeply implement the rural revitalization strategy and pro- 
mote urban-rural coordinated development. The village 
renovation method that can provide a suitable living envi- 
ronment while protecting traditional regional characteris- 
tics is a difficult problem that the current academic com- 
munity faces and urgently needs to solve in the field of 
traditional village and town conservation and renewal| 4 ]. 

With the proposal of the rural revitalization strategy, 
the academic community in China has given high attention 
to the inheritance and conservation of traditional villages 
and towns in the context of rural revitalization. Protecting 
traditional villages and towns is beneficial for enhancing 
their vitality, promoting traditional ethnic culture, and 
maintaining the development of cultural diversity 5]. Al- 
though various parts of the country are widely practicing 
and exploring the conservation of traditional villages and 
towns in different ways, there is currently limited work on 
post use evaluation of traditional villages and towns, and 
there is generally a lack of objective evaluation of their 
performance after use. In addition, current research on the 
conservation of traditional villages and towns mainly fo- 
cuses on qualitative analysis, lacks quantitative research, 
and has not proposed a complete analytical paradigm and 


framework. Therefore, this study introduces Spatial Syntax 


to quantitatively analyze the morphology of villages and 
towns. Spatial Syntax can visually express spatial forms 
that are difficult to describe in words, explore the evolu- 
tion mechanism of space and the relationships between 
space and human activities, and has been widely applied to 
the study of traditional villages and towns [6]. The visual 
expression of spatial morphology through spatial syntax 
helps scholars to use graphical language to express ab- 
stract cultural landscapes, thus providing rational support 
for the continuity design of historical villages and towns. 
Therefore, the introduction of spatial syntax provides an 
important theoretical entry point and methodological sup- 
port for studying and analyzing the post use evaluation of 
traditional villages and towns. As the core of the overall 
composition and public activities of traditional villages 
and towns, public space carries important functions of dai- 
ly communication and external contact. [7] In addition to 
architectural behavior, its layout also reflects the profound 
significance of environmental behavior, sociology, psy- 
chology, and other aspects. However, with the changing 
times, new public spaces may not match the original spa- 
tial functions, leading to the loss of vitality in some tradi- 
tional village and town spaces [8]. Therefore, it is neces- 
sary to conduct a post use evaluation of the conservation 
performance of the spatial structure of public spaces in 
traditional village and town, which can provide scientific 
reference for formulating scientific and reasonable trans- 
formation strategies in the future, and achieve the active 
inheritance and development of public spaces in traditional 
village and town[|.9]. As a typical representative of the 
conservation of traditional villages and towns in the Ling- 
nan region, the Shawan Ancient Town in Guangzhou has 
undergone extensive research on its authenticity. 10], spa- 
tial morphological evolution[ 11], and tourism develop- 
ment(_12]. Based on the above background, this study in- 
tends to combine spatial syntax theory and take the public 
space of Shawan Ancient Town as the evaluation object. 
After clarifying the evaluation purpose and evaluation fac- 
tor system, post use evaluation will be conducted using 
methods such as spatial syntax and AHP fuzzy synthesis. 
Through the study of this example, efforts will be made to 


construct a post use evaluation system for traditional villa- 
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ges and towns, providing feedback and guidance for sub- 


sequent conservation of traditional villages and towns. 


1 Construction of post use evaluation system for public 
spaces in traditional village and town from the per- 


spective of Space Syntax 


Post Occupancy Evaluation (POE) is a method used 
to provide feedback on the evaluation of built environ- 
ments [ 13]. The theoretical research on post use evalua- 
tion of built environments was introduced to China in the 
early 1980s, and as a newly added important link in the 
field of architecture, it was ranked after the planning- 
scheming- design - construction process. Friedman pointed 
out that “POE is a degree of evaluation: how the environ- 
ment supports and meets people’s clearly expressed or im- 
plicit needs after construction”, and in-depth analysis of 
operational conditions and usage effects can help provide 
effective basis for design [14,15]. The study attempts to 
dynamically monitor the effectiveness of public space 
conservation in traditional village and town through post 
use evaluation, timely identify deviations, help identify 
various contradictions in conservation, propose corre- 
sponding strategies, mediate and balance the interests of 
all parties. The study first constructs a set of post use eval- 
uation factors for public spaces, dividing the evaluation 
system into four major indicators: spatial structure, cultur- 
al, functional, and economic and social effects. Secondly, 
the evaluation criteria for each evaluation factor are deter- 
mined. The spatial composition indicators are mainly 
based on the results of spatial syntax operations, while the 
cultural, functional, and economic and social benefits indi- 
cators determine the weighting coefficients for each indi- 


cator by constructing a judgment matrix. 
1.1 Construction of evaluation factor set 


By summarizing previous research, the post use eval- 
uation of traditional village and town public spaces should 
focus on the following three aspects: improvement of spa- 
tial planning, conservation of public space characteristics, 
and socio-economic effects. Culture and functionality are 
the main characteristics of traditional village and town 
public spaces, and spatial structure, culture, functionality, 
and economic and social effects are considered as four e- 


valuation factors for the post use evaluation of traditional 
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village and town public spaces: 

© Spatial structure: evaluating the effectiveness of 
the village and town spatial structure after re-planning and 
adjustment. The public spaces of villages and towns are 
divided into node space and linear space, mainly evaluated 
from the reachability, utilization rate, accessibility, tradi- 
tional texture continuity, and other aspects of the two 
spaces. @) Cultural aspects: as one of the main characteris- 
tics of public spaces, cultural evaluation includes two as- 
pects: architectural level and historical-cultural landscape. 
The evaluation work is carried out from the aspects of the 
conservation and utilization of traditional architectural ar- 
tistic value, cultural heritage vitality, and traditional style 
preservation. @)Functionality: functionality is another ma- 
jor feature of public spaces, which mainly plays two roles: 
meeting the needs of the population and protecting folk 
culture. Therefore, it can be evaluated from the construc- 
tion of infrastructure and service facilities, types of cultur- 
al activities, and continuity of traditional folk customs. ® 
Economic and social effects: the social effects generated 
after conservation, including residents’ participation, satis- 
faction, and sustainability. The sustainable growth of the 
economy is one of the important purposes of protecting 
traditional villages and towns. Without a solid economic 
foundation, the conservation of traditional villages and 
towns cannot be sustained for a long time. The economic 
benefits can be evaluated from the following aspects: one 
is the economic benefits of residents, and the other is that 
the conservation and development of traditional villages 
and towns are mostly accompanied by the growth of 
tourism, so the number of tourists and tourism develop- 
ment income are also considered as evaluation factors for 


economic benefits. 
1.2 Evaluation criteria for determining evaluation factors 


As shown in Figure 1, the four evaluation factors for 
post use evaluation of traditional villages and towns are 
spatial organization, cultural, functional, and economic and 
social effects. For the evaluation of spatial organization, 
this article will use spatial syntax analysis methods to 
study its related parameters, and the other three factors 


will be evaluated using AHP fuzzy synthesis method. 
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Post use evaluation system for traditional 
village and town public spaces 


Spatial syntax 


spatial structure 


architectur 
al aspects 


Figure 1 


1.2.1 Post utilization evaluation based on Spatial Syntax 


Spatial Syntax is a theory and method that studies the 
relationship between spatial organization and human soci- 
ety by quantitatively describing the structure of residential 
spaces, including buildings, settlements, cities, and even 
landscapes [16]. The research uses spatial syntax to study 
the spatial organization of traditional village and town 
public spaces, and select three parameters: integration de- 
gree, connectivity degree, and selection degree as evalua- 
tion factors for spatial organization. Qualitative post use e- 
valuation of the factors is conducted according to the eval- 


uation criteria in Table 1. 


Table 1 Post-use evaluation factor system of traditional village and 


town based on spatial syntax 


Criterion Factor Method for 


Indicator layer 
layer 


layer obtaining 


D1 Accessibility 
D2 Utilization 

D3 Spatial permeability 
D4 Accessibility 


D5 Traversal rate 


Integration 
Cl Node 


space 


Selectivity 


B1 Spatial 


structure 


Connectivity 


. Integration 
C2 Linear 


space 


Selectivity 


D6 Street reachability Connectivity 


1.2.2 Determination of index weights for evaluation sys- 


tem 


The qualitatively analysis of the importance of indi- 
cator layers for cultural, functional, and economic and so- 
cial benefits factors, is conducted to construct a judgment 
matrix, and ultimately determine the weight coefficients of 


each indicator. In this study, a combination of expert sco- 


the AHP-fuzzy 
comprehensive method 


functionality 


folk 
culture 


economic and social effects 


historical meeting 
and the 

cultural needs of 
style use 


Post use evaluation system for traditional village and town public spaces 


ring, questionnaire surveys and relevant literature research 
methods is used to determine the weights of each indicator 
in the evaluation system. In the expert scoring method, a 
total of 20 experts with rich knowledge or practical expe- 
rience in relevant fields are invited, including 17 scholars 
studying this field and 3 relevant government personnel. 
They are asked to treat the entire evaluation system as a 
fuzzy concept and the evaluation indicator system as a 
fuzzy set, each indicator as an element, scoring each indi- 
cator independently in an isolated state of ignorance. Sub- 
sequently, a percentage-based scoring system was adopted 
to determine the weight values of each indicator, and satis- 
factory results were obtained through continuous modifi- 
cation [17]; The questionnaire rule is to obtain the impor- 
tance ranking of each evaluation factor by distributing 
weighted survey questionnaires on-site. Using the weight 
questionnaire statistics from both aspects, the relative 
weights and importance between the indicators were ulti- 
mately obtained for use in the post use evaluation system, 


with the indicator weights in parentheses (Table 2). 

2 Post use evaluation of public space in Shawan 
Ancient Town 

2.1 Overview of the research area 


Shawan Ancient Town is located in the central-west 
part of Panyu District, Guangzhou City, adjacent to the 
central Shiqiao Street in Panyu District to the north and 


Nansha District to the south, boasting a favorable geo- 
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graphical location (Figure 2). As the only national-level 


historical and cultural town in Guangzhou, Shawan 
Ancient Town has a history of 800 years and is an impor- 
tant cultural heritage of Guangzhou[ 11 ]971. Since the is- 
suance of the “Conservation and Political Plan for the 
Historical and Cultural Area of Shawan Ancient Town” in 
2008, Shawan Ancient Town has embarked on the process 
of protecting and updating its public space. The conserva- 


tion and updating content and projects involved include 


the renovation of the facades on both sides of the street 
and alley space, the sorting and resetting of the planning 
structure of the ancient town, etc. 18] As one of the typi- 
cal representatives of traditional village and town conser- 
vation, Shawan Ancient Town deeply records and reflects 
the development of traditional village and town conserva- 
tion and renewal work during the process of public space 
conservation and renewal. Post-use evaluation of it will 


have typical representative significance. 


Criterion layer 


Table 2. AHP based post use evaluation factor system for traditional villages and towns 


Factor layer 


Indicator layer 


Definition of indicators 


B2 Culture, 
(0.4934) 


D7 Traditional architectural 
art value( 0.0562) 


The traditional artistic value of preserved historical buildings (clusters) in terms of 


shape, structure, and detailed decoration after conservation 


C3 Architectural 
aspects( 0.1645) 


D8 Traditional architecture 
Authenticity (0.0949) 


The degree of conformity between the conservation and renewal of traditional build- 


ings and their original state 


D9 Street facade appear- 
ance(0.0133) (0.0133) 


Evaluation of the degree of conformity between the facade appearance and the origi- 


nal condition after street renovation 


D10 Cultural heritage vital- 
ity( 0.1946) 


Increase or decrease in the number of cultural heritage compared to the situation be- 


fore conservation and update is its value dynamically protected and actively utilized 


\C4 Historical and cultural 
style (0.3289) 


D11 Traditional style pres- 
ervation.( 0.1096) 


The increase or decrease in the retention of historical and traditional buildings com- 


pared to before conservation and renewal 


D12 Landscape level char- 
acteristics (0.0247) 


living landscape environmental elementslike water system, memorial archway, wells 


and others 


B3 Functionality 
(0.3108) 


C5 Meeting the needs 


D13 
struction (0.0691) 


Infrastructure con- 


Essential infrastructure for life 


of use (0.1036) 


D14 Service facility con- 


figuration (0.0345) 


Service facility configuration 


D15 Continuation of folk 
culture( 0.1381) 


Situation of villagers continuing traditional living customs, traditions and folk cul- 


ture 


C6 Folk culture 
(0.2072) 


D16 Types of cultural ac- 
tivities( 0.0691) 


The increase in the number and types of cultural activities compared to the situation 
before the conservation update proves that the conservationand update has continued 


and continuously expanded its original cultural influence 


B4 Economic 
and social 
effects 
(0.1958) 


D17 Resident participation 
(0.0704) 


Number of times villagers participate in management formulation, and conservation 


decisions 


C7 Social effect 
(0.1305) 


D18 Residents’ satisfaction 
(0.0388) 


A survey of villagers’ satisfaction with the effectiveness of conservation and renewal 


D19 Village and town so- 
cial Order( 0.0213) 


Villager convention and rural autonomous organizations, public security situation 


D20 Number of tourists 
(0.0049) 


Annual increase or decrease in tourist volume during peak holiday days 


C8 Economic 
effects (0.0653) 


D21 Tourism development 
Benefits 0.0119) 


The growth status of development efficiency in tourism management departments 


2.2 Evaluation object 


This article selects node spaces and linear spaces 
within typical public spaces in Shawan Ancient Town for 
post use evaluation [19]. Node spaces mainly include 
gathering spaces, recreational spaces, etc., such as open 


spaces like Anning Square and West Square, as well as 
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D22_ Resident 
benefits (0.0484) 


economic 


Annual increase and decrease in per capita income of villagers 


surrounding spaces with important landmark buildings 
such as Wenfeng Pagoda and Liugengtang Square. 

As a traditional village with a strong sense of clan, 
Shawan Ancient Town’s ancestral halls and temples are 
very important landmark buildings, such as the Li Clan 


Ancestral Hall and the He Clan Ten-Generation Ancestral 
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Hall in Dongcun. As these important public buildings are 
often associated with the main street and alleys, when u- 
sing spatial syntax for evaluation, the main street and al- 
leys containing important public spaces are extracted as e- 
valuation objects for linear space, such as the main en- 
trance street Daxiangyong Road connecting the south gate, 
the tourist service center and the Qingshui well; the An- 
ning West Street, connecting the core buildings of the 
ancient town such as Zhennan Temple and Sanren Hall; 


Anning Road serves as the core road of the ancient town, 


Huadu District 


< ® Zengcheng District ——~ by) 
5 be » AY 


Y 
So ‘| Baiyun District, 5 
/ ~~ 


Huangpu ? 
C | District ~ 
Yuexiu District —2—=— | ) 5 ns 


¢ 2 Haizhu Dis niet 
Liwan District AS 


Panyu District 


\ Nansha District \, 
Sa tate 


A 


Guangzhou City 


ee 9 


0510 20Km 
Lt 


connecting major exhibition buildings such as He Shiliang 
Art Museum and He Binglin Academician Memorial Hall. 
The core commercial street of the ancient town also runs 
from Anning East Street to West Street, with Chengfangli 
Street connecting to Liugengtang, and parades such as 
worshipping gods are held in special holiday settlements. 
Therefore, the evaluation streets and alleys selected in this 
article have their corresponding value, either as the main 
transportation space or as connections to the core public 
space (Figure 3). 
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Figure 2 Location map of Shawan Ancient Town 


2.3. Analysis of the spatial evolution in Shawan Ancient 

Town 

Integration is a measure of the ability of a space to 
attract traffic, that is, the accessibility of the space. The 
higher the numerical value, the higher its integration and 
accessibility. From Figure 4a, it can be seen that in 2010, 
the high integration value area of Shawan Ancient Town 
formed a “cross shaped” distribution pattern from Anning 
West Road to Anning East Road, and from Daxiangyong 
Road to Zhonghua Avenue, which is a manifestation of 
concentrated pedestrian flow and high-frequency of com- 
mercial activities. The area from Anning West Road to 
Anning East Road was the ancient commercial center of 
Shawan Ancient Town, while the main commercial street 


currently in use is Daxiangyong Road to Zhonghua 


Avenue, which undertakes important economic, political, 
and cultural functions. However, the traditional residential 
areas in the west and east of the ancient town are relative- 
ly less integrated, presenting a relatively closed state. The 
connectivity reflects the number of nodes directly con- 
nected to other node spaces through straight lines, with 
higher values indicating higher values and better spatial 
permeability. A higher degree of selectivity indicates that 
the frequency of spatial units being selected is higher, 
which can be used to express the probability of the popu- 
lation passing through the space 19]. The axis with higher 
selection values in Shawan Ancient Town is located on Zhong- 
hua Avenue and Daxiangyong Road (Figure 5a). These two 
roads, as the main roads that run through the north, south, and 


east, bear the main transportation functions and are the main 
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roads people choose for travel. The degree of choice represents 
the possibility of space being traversed, reflecting the potential 
of space to attract “traffic”. The higher the value, the higher the 
degree of choice. An analysis of the road connectivity in Sha- 
wan Ancient Town (Figure 6a) revealed that the high value 
axis distribution of the town’s connectivity was relatively scat- 
tered, mainly distributed in the vicinity of Wenlinfang Street 
and Shawan Street Office, forming a small range of high-value 
areas. This indicates that these roads have strong connectivity 
and accessibility, and play a role in traffic evacuation, and are 


also concentrated areas for people’s daily activities [20]. 
A 
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Figure 3. Axis map and public space schematic diagram 


of Shawan Ancient Town 

After the public space conservation update of Shawan 
Ancient Town in 2020, the overall integration degree of 
the town has been improved, and the core of the integra- 
tion degree continues to expand (Figure 5b), extending a- 
long the northern end of Daxiangyong Road to Wenlinfang 
Street, and along Anning East Road to Li’s Ancestral Hall, 
showing a trend of outward expansion. In terms of selec- 
tivity, the road selection of Shawan Ancient Town has fur- 
ther improved, forming a high selectivity road grid with 
Anning Square as the core and radiating around the 
ancient town, with continuously increasing traffic potential 
(Figure 5b). This indicates that the historical development 
of Gusheng Village has not been significantly disrupted in 
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recent years, and the effects of updating and improving 
streets and alleys have been apparent, ensuring the poten- 
tial for attracting primary and secondary streets and alleys 
in the village [21]. However, at the same time, there is 
still room for improvement in the cross-traversal potential 
of ancient town streets. The high connectivity axis of the 
ancient town is also constantly increasing (Figure 6b), 
gradually forming a high value area of connectivity, espe- 
cially in the areas near Anning East Road, Daxiangyong 
Road, and Dongcun Beidi Temple, where the connectivity 
of the axis has been significantly improved, further enhan- 


cing the spatial attractiveness. 
2.4 Post use evaluation based on Spatial Syntax 


Evaluating the spatial structure of the selected public 
space nodes in Shawan Ancient Town resulted in the as- 
sessment in Table 3. By comparing the integration parame- 
ters of node space and linear space in the public space se- 
lected in the axis map before and after the conservation 
and update of Shawan Ancient Town, and evaluating the 
D1 and D4 factors based on the changes in integration de- 
gree, the accessibility of D1 node space and D4 linear 
space is evaluated. The integration degree is significantly 
improved after the conservation and update, and the acces- 
sibility is further improved. The core space of the updated 
ancient town has the greatest increase in accessibility, such 
as Anning Square, Liugengtang, Wenfeng Tower, and sur- 
rounding street and alley spaces such as ancestral halls, in- 
cluding Daxiangyong Road and Anning Road; From a 
planning perspective, although the integration data of the 
public space formed during the conservation and renova- 
tion process has been improved, its accessibility is still not 
strong. It is necessary to strengthen guidance to improve 
its accessibility, such as the West Entrance Square. 

By comparing the selection parameters of node space 
and linear space in the public space selected in the axis 
map of Shawan Ancient Town before and after the conser- 
vation and update, and evaluating the D2 and DS factors 
based on the changes in selection, the utilization rate of 
node space D2 and the traversal rate of linear space D5 
were evaluated. The selection degree was significantly im- 
proved after the conservation and update, and the utiliza- 


tion rate and traversal rate were both improved. 
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Figure 4 Integration degree of Shawan Ancient Town 
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Figure 5 Selection of Shawan Ancient Town 
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Figure 6 Connectivity of Shawan Ancient Town 
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Table 3. Space syntax parameter values before and after the conservation and update of public space in Shawan Ancient Town 


Integration degree 


Selectivity Connectivity 


Axis map parameter value 
2010 


2020 2020 2010 2020 


Anning Square 209.3 


243.4 418 


Wenfeng Tower Square 110.4 


1715 25 


West Entrance Square 118.3 


125.8 30 


Cl Node space Liugengtang Square 122.3 


161.6 


Li Clan Ancestral Hall 136.9 


178.5 94 


The He Clan Ten-Generation 
160.1 


Ancestral Hall in Dongcun 


166.8 54 2 


Evaluation results of indicator layer 


D1 Accessibility: overall improve- 


ment, enhanced accessibility 


D2 Utilization rate: overall im- | D3 Space permeability: partial im- 


provement, high utilization rate provement, average permeability 


Daxiangyong Road 205.4 


252 37 172 3 


Anning west street 200.7 


241.6 185 418 


Anning Road 206.7 


245.3 416 300 


Anning East Street 202.5 


240.3 89 


C2 Linear space 


Chepi Road 178.2 


196.7 219 


Anzhaili 153.0 


224.3 73 


Wenlinfang Street 161.9 


170.9 100 


Chengfangli Street 121.4 


157.9 33 2 


Evaluation results of indicator layer 


In the node space, except for the Li Clan Ancestral 
Hall, there has been a significant increase in its selectivity, 
especially the Anning Square located in the conservation 
and renewal center area and the Liugengtang Square, a key 
project. Regarding the linear space section, Daxiangyong 
Road, as the main entrance to the core area of Shawan 
Ancient Town, connects the central and peripheral areas, 
and is the path with the most dense basic service facilities. 
Anning West Road, Anning East Road, and Chepi Street 
are commercial and service gathering areas, as well as the 
central area of Shawan Ancient Town, and people’s activi- 
ties are the most frequent places there. As shown in Table 
3, their selectivity has greatly improved, although the se- 
lectivity of Anning Road and Wenlinfang Street has de- 
creased after they been protected and updated compared to 
before the conservation and update, their overall selection 
distribution became more even. 

Furthermore, by comparing the connectivity parame- 
ters of node space and linear space in the public space se- 
lected in the axis map before and after the conservation 
and update of Shawan Ancient Town, and evaluating the 
D3 and D6 factors based on the changes in selectivity, the 
permeability of D3 node space and the accessibility of D6 
linear space were evaluated. The connectivity was slightly 
improved, while the permeability and accessibility were 
generally moderate. Before and after the update of node 


space conservation, its connectivity has been partially im- 
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D4 Accessibility: Overall improve- 


ment, enhanced accessibility 


DS Penetration rate: overall im- | D6 Street accessibility: partial Im- 


provement, high penetration rate | provement, average accessibility 


proved, while some have remained unchanged. For exam- 
ple, the central spaces such as Anning Square, Wenfeng 
Tower Square, and Liugengtang Square have significantly 
improved. Similarly, the connectivity of the linear space 
before and after the conservation and update has also been 
partially improved, while some remain unchanged. For ex- 
ample, the connectivity of the entrance road, Daxiangyong 
Road, and the main connecting roads, Anzhaili and Anning 
Road, saw a slight increase after the conservation and up- 
date. However, the improvement in the accessibility of the 
streets and alleys is not significant, which is also related to 
the fact that the original village texture is still preserved 
after the conservation and update of Shawan Ancient 


Town. 


2.5 Post use evaluation based on fuzzy comprehensive 
method 


The fuzzy evaluation method was created by Ameri- 
can automatic control expert Zadeh. It is based on fuzzy 
mathematics, which was born in 1965, and adopts a com- 
prehensive evaluation method. Based on the membership 
theory of fuzzy mathematics, qualitative evaluation is 
transformed into quantitative evaluation. The fuzzy com- 
prehensive evaluation method determines the membership 
matrix and uses it to assign the rating levels, and ultimate- 
ly reaches the evaluation conclusion [22]. 


The questionnaire developed around fuzzy evaluation 
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covers 6 major items and 16 minor items. In order to facil- 
itate tourists and villagers to evaluate the level of factors 
and indicators in the questionnaire, a 5-level Likert scale 
method was introduced, where “5” corresponds to “excel- 
lent”, “4” corresponds to “good”, “3” corresponds to 
“medium”, “2” corresponds to “poor”, and “1” corre- 
sponds to “very poor”. The author conducted a question- 
naire survey from May to October 2019 and distributed a 
total of 100 questionnaires. Excluding repetitive or incom- 
plete responses, 69 valid questionnaires were obtained, 
with an effectiveness rate of 69% . Based on the weight of 
each factor, the fuzzy comprehensive evaluation method 
was applied to calculate the fuzzy comprehensive score of 
each factor in Shawan Ancient Town according to the 
questionnaire results, and the membership degree of each 
evaluation level was determined. Based on this, a compre- 
hensive and scientific evaluation result is obtained. The 
fuzzy comprehensive evaluation results of the target layer 
and criterion layer are shown in Table 6. The overall fuzzy 
comprehensive evaluation of the public space conservation 
and renewal in Shawan Ancient Town is 3.7373, which 


‘“ 


falls within the “medium” but very close to the “good” 
range. Among the three major criterion layer elements, B2 
cultural level is at the “good” level, B3 functional level 
falls within the “poor” close to the “medium” range, and 
B4 economic and social effect is at the “medium” level. 
Based on the comprehensive weight and evaluation 
(Table 4), the public space of Shawan Ancient Town is at 
a “good” level in terms of cultural construction, conserva- 
tion, and renewal. This indicates that Shawan Ancient 
Town has been effective in protecting traditional buildings 
and maintaining its historical style during the conservation 
and renewal process. There are many traditional buildings 
of various dynasties and their rich spatial forms that serve 
as public spaces in the ancient town, which have been full- 
y respected, preserved and inherited during the conserva- 
tion and renewal process, such as using coastal materials 
to construct oyster shell walls and rammed earth houses, 
vividly reflects the authenticity of cultural conservation. 
Of course, there are also some areas that require to be dis- 
cussed in the process of protecting and updating public 
spaces. For example, some ancestral halls have been reno- 
vated with gorgeous paintings, sculptures, and colorful 
paint decorations, which cannot accurately and truly re- 


store the decoration and techniques of traditional public 


buildings. 


Table 4 Fuzzy comprehensive evaluation scores for the target and 


criterion layers of Shawan Ancient Town 


Target layer | Criterion layer Factor layer 


C3 architectural 


aspects 


B2 culture 
C4 historical and 


cultural style 


Fuzzy  com- C5 meeting the 


prehensive e- B3 needs of use 


valuation 


scores 3.7373 


Rese C6 folk culture 


B4 economic C7 social effects 


and social : 
. C8 economic 
effects 


effects 


The evaluation of functionality is within the range of 
“poor” to “medium”, which is the lowest-scoring item in 
the criteria layer. Shawan Ancient Town has historically 
become the commercial center of Panyu due to its conven- 
ient waterways, with bustling commerce and numerous ru- 
ral areas. Although the public space of Shawan Ancient 
Town still follows its original functional distribution dur- 
ing the conservation and renovation process, and Anning 
Road is built as the main commercial street, its functional- 
ity is still slightly monotonous. Some node public spaces, 
such as squares and ancestral halls, are only used for rec- 
reational and exhibition purposes, with short stays for 
tourists and residents and weak interactivity. Through the 
evaluation results, it can be seen that although its func- 
tionality can meet the basic usage needs of most tourists 
and residents, its functionality in promoting and carrying 
out the conservation and updating of folk culture is clearly 
insufficient. 

The economic and social effects are at a relatively 
high level within the “medium” range, reflecting the high 
participation of villagers in the process of protecting and 
updating the public space in Shawan Ancient Town, and 
their satisfaction with the results of the conservation and 
updating. At the same time, it fully affirms that the public 
space in Shawan Ancient Town has to some extent driven 
the development of local tourism after the conservation 
and updating, and the number of tourists and tourism de- 
velopment revenue are steadily increasing, contributing to 
the improvement of the local residents’ income levels to a 


certain extent. 
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Optimizing spatial 


activated protection 
of culture 


improving user 
satisfaction 


Figure 7 Block diagram of traditional village and town public space conservation and update 


3 Strategies and implications 

From three aspects: optimizing the spatial layout of 
ancient towns, improving user satisfaction, and actively 
carrying out cultural activities, a framework for the con- 
servation and renewal of public spaces for traditional vil- 
lage and town is constructed (Figure 7), in order to pro- 
vide references for the conservation, renewal, and inherit- 
ance of public spaces for traditional village and town. 

(1)Properly following spatial isomorphism and opti- 
mizing the spatial layout of ancient towns. 

In the renewal and renovation of traditional villages 
and towns, it is necessary to understand the old spatial se- 
quence of traditional villages and towns, and use reasona- 
ble planning and layout to ensure the good continuation 
and development of the spatial form of traditional villages 
and towns [11] 977. Due to the influence of street spatial 
scale on the length of time users stay in the space and the 
speed of sightseeing, it is necessary to design appropriate 
street spatial scale to better create a rich scenic experience 
for space users. At the same time, the design of traditional 
village and town street spaces should be based on the 
premise of not changing the main layout of streets and al- 
leys. Through the similarity of materials and the unity of 
construction methods, the positions that affect the continu- 
ity of the interface should be supplementally designed to 
maintain the continuity of the horizontal and vertical in- 
terfaces, thereby maintaining the continuity of the street 
space interface [ 23]. 

(2) Emphasizing the communication function of pub- 
lic spaces and improving user satisfaction. 

The conservation and renewal of traditional villages 


and towns should also focus on promoting community 
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management, organizing activities, cultural and folk pro- 
motion, and the core concept of conservation and renewal 
is to promote the sustainable development of village and 
town society through various means such as economic and 
cultural recovery. Therefore, in the conservation and re- 
newal of traditional villages and towns, it is necessary to 
attach importance to the participation of villagers and 
promptly inform them and let them understand, to enhance 
their sense of participation. In traditional villages and 
towns, public spaces are often spaces where people engage 
in frequent activities and engage in frequent communica- 
tion. Leisure facility installations such as benches and 
landscape elements can be provided to increase the dura- 
tion of people’s stay in the space and enhance the social 
interaction function of public spaces[_24 ]. For tourists, it is 
necessary to restore the traditional architectural traces 
from different periods in the core tourist area and create a 
primitive atmosphere of cultural authenticity. And by crea- 
ting multi-level tourism routes, tourists can not only expe- 
rience the real-life situations of residents while traveling, 
but also have a richer scenic experience. 

(3) Extracting cultural genes from ancient towns and 
actively carrying out cultural activities. 

The public spaces in traditional villages and towns 
have functions such as worship, gatherings, daily life, and 
transportation, and are closely related to the lives of vil- 
lagers and the activities of tourists, they are precious ma- 
terial cultural heritage of traditional villages and towns, 
and also carriers of intangible culture. Therefore, in the 
process of conservation and renewal, in addition to adhe- 
ring to the principle of authenticity and guided by cultural 


active conservation, it is also necessary to fully understand 
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the spatiotemporal characteristics of heritage resources in 
traditional villages and towns, extract cultural genes from 
ancient towns, explore deep cultural structures, actively 
carry out activities related to folk culture, and moderately 
increase their publicity efforts. In the future, it can attract 
socio-economic investment and implement industrial oper- 


ation through cultural inheritance and innovation. 
Conclusion and discussion 


This article uses Depthmap software to compare the 
axis maps of public spaces in Shawan Ancient Town be- 
fore and after conservation and update. Combining spatial 
syntax theory and related parameters, the spatial composi- 
tion factors are evaluated after use. From the perspective 
of spatial structure, the effectiveness of conservation and 
update of public spaces in Shawan Ancient Town is sys- 
tematically sorted and summarized, and the AHP fuzzy 
comprehensive method is used to conduct post use evalua- 
tion on the cultural, functional, and economic and social 
effects evaluation factors of public spaces for traditional 
village and town, and constructs a post use evaluation sys- 
tem for public spaces in traditional village and town. The 
main conclusions of this study are as follows: 

Firstly, this article constructs a post use evaluation 
system for public spaces based on spatial syntax and AHP 
fuzzy synthesis method. The evaluation system is divided 
into four major indicators: spatial structure, culture, func- 
tionality, and economic and social effects, and their re- 
spective weight coefficients are determined. The applica- 
bility of the evaluation system is verified through a case 
study of Shawan Ancient Town in Guangzhou. Overall, the 
model has good generalizability and application value, 
providing scientific references for the subsequent conser- 
vation and update evaluation of traditional villages and 
towns. 

Secondly, the results of spatial syntax analysis indi- 
cate that from 2010 to 2020, the high integration value area 
of Shawan Ancient Town continued to extend outward on 


‘ 


the basis of the original “cross shaped” distribution 
formed by Anning West Road to Anning East Road and 
Daxiangyong Road to Zhonghua Avenue. Its integration 
degree has significantly improved after conservation and 
updating, and its accessibility has further improved. Al- 
though the axis with higher selectivity values is still loca- 


ted on Zhonghua Avenue and Daxiangyong Road, the o- 


verall distribution of selectivity is more even, and the 
transportation potential of the ancient town continues to 
increase. The high connectivity axis of the ancient town is 
also constantly increasing, gradually forming a connected 
high value area, further enhancing the spatial attractive- 
ness. 

Thirdly, based on the AHP fuzzy comprehensive 
method, the evaluation of the effectiveness of public space 
conservation and updating in Shawan Ancient Town was 
conducted. It was found that the cultural construction and 
conservation of public space in Shawan Ancient Town are 
at the “good” level, while the functional evaluation and e- 
conomic and social effects are at the “medium” level. This 
reflects that the cultural authenticity of Shawan Ancient 
Town has been well preserved during the conservation and 
renewal process, and the maintenance efforts have been 
fruitful. Public spaces can meet the basic needs of most 
tourists and residents, but their functionality in dissemina- 
ting and carrying out folk culture inheritance is clearly in- 
sufficient. At the same time, the villagers also highly ap- 
preciate the achievements of conservation and renewal, be- 
lieving that the conservation and renewal of ancient towns 
have promoted the development of local tourism to some 
extent. The rural revitalization strategy, as the top priority 
of the entire Party’s work, is a new landmark that guides 
rural construction in the new era. In response to the gradu- 
al disappearance of the value of rural space, the cohesion 
and geographical relationship of rural areas continue to 
differentiate, leading to issues such as the failure to protect 
and update traditional cultural village spaces [25]. We 
should actively respond to the advocacy of rural revital- 
ization strategy, implement the strategy in the construction 
of traditional villages and towns, and evaluate the effec- 
tiveness of protecting and updating public spaces in tradi- 
tional villages and towns, in order to provide scientific 
reference for reshaping the image of rural areas and con- 
tinuing regional cultural heritage of township. 

Although this article constructs a post use evaluation 
system for public spaces from four aspects: spatial struc- 
ture, culture, functionality, and socio-economic benefits, 
and proposes detailed conservation and renewal strategies, 
implementing it is a more complex task involving many 
variable factors, such as policy orientation, negotiation and 


game of interests, and so on. At the same time, the conser- 
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vation and renewal of public spaces in traditional villages 
and towns is a relatively broad and complex research top- 
ic, involving multiple disciplines such as planning, archi- 
tecture, ecology, sociology, etc. In the future, a multidisci- 
plinary approach can be adopted and more experts from 
different fields are to be invited to grade and conduct in- 
depth research on the analysis of traditional village and 
town conservation and renewal strategies, leading to a 
more comprehensive understanding of traditional village 


and town conservation and renewal. 


Figure and table sources 

The figures and tables in the text were all drawn by the 

author. 
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ABSTRACT: South China Historical Trail is a channel of communication inside and outside Lingnan in different historical periods. It is also known 
as a corridor of population migration, a channel of commodity exchange and an ancient road of civilization and culture. In view of the limitations of 
focusing on space while ignoring narrative in the previous research of ancient post road, the analysis method of narrative spatial structure was intro- 
duced herein. Based on the four main functions of South China Historical Trail, including postal exchange, military war, commerce and trade, and 
official travel, the holistic and systematic narrative space study of South China Historical Trail was carried out in order to construct a relatively 
complete narrative space structure of the heritage corridor network. Research showed that the four functional narrative points all rely on corridors. 
Its spatial structure took Guangzhou as the main core, with Leizhou and Yangjiang in western Guangdong and Chaozhou in eastern Guangdong as 
the sub-core. A waterway-based land as the auxiliary network system was formed; The post road shifted from the original military function to the e- 
conomic function, experienced the internal communication with the Central Plains to the coastal areas, and then to the world through the Maritime 
Silk Road. It became the epitome of the historical development process of Lingnan region. The narrative spatial structure analysis method can deeply 
explore the historical characteristics and cultural connotation of the heritage corridor, and promote the overall cognition of the post road. The analy- 
sis results have certain guiding significance for the construction and protection of the heritage corridor network of South China Historical Trail. It 
can also provide a reference for other scholars to carry out the research on similar heritage corridors. 

KEY WORDS: South China Historical Trail; narrative space; heritage network; functional structure; cultural communication type 

Introduction ment. The concept of “heritage corridors” has further e- 
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in cultural resources and they are the result of the evolu- construction of the Jewish heritage network in Spain, ai- 


Ld 


tion of “Green Line Park”, “national reserve” and “green- ming to protect both tangible and intangible cultural herit- 


way” thought originating from the United States [1]. age within the network in a connected form, emphasizing 


They represent a method of regional heritage preservation 
and utilization that combines cultural and ecological con- 


servation, recreational activities, and economic develop- 
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the complete representation of the value of the heritage 
corridor through linking individual heritage sites within it 


[2]. At present, the research on heritage corridors or line- 
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ar cultural corridors in China mainly focuses on areas such 
as the Beijing-Hangzhou Grand Canal, the Silk Road and 
the ancient Tea-horse Road, etc. They can be classified in- 
to different types, including natural landscape, cultural 
dissemination, strategic layout, and folk culture 3]. The 
research in this field mainly focused on describing the 
characteristics of heritage corridors, their construction [4 
6], distribution patterns, and conservation [7,8] as well as 
tourism development[_9 ]. 

South China Historical Trail can be classified as cul- 
tural dissemination-type heritage corridor, which refers to 
the channel used for transmitting documents and transpor- 
ting goods and personnel within Guangdong before 1913. 
It can be categorized into water and land routes, and fur- 
ther divided into post roads and ancient paths based on 
their construction forms. It serves as an important channel 
for economic exchange and cultural dissemination in 
Guangdong. Previous studies have mainly focused on the 
historical context of South China Historical Trail [ 10-12], 
value analysis [13,14], and activated utilization [15-17], 
revealing the spatial characteristics of the development of 
the post road and its relationship with the evolution of vil- 
lages, and the role of the ancient post road in economic 
exchanges, political and cultural exchanges. Under the 
guidance of the relevant policies of activating and resto- 
ring the ancient post road in Guangdong, a comprehensive 
system is gradually being formed. However, it is relatively 
lack of the integration of various historical resources, the 
overall functional combing and the complete construction 


of the macro system. 
1 Current situation and existing problems 


South China Historical Trail has played more and 
more diverse roles since its ancient development, such as 
expanding the military territory, trade exchanges, and so 
on. The evolution of the functional direction of the ancient 
post road can reflect the social development and changes 
of the Southern Guangdong region. The ancient post road 
was not only a single traffic carrier, but also endowed with 
many local characteristics of cultural connotation. Events 
described by the ancient books happened in the whole 
South China Historical Trail network. By broadening the 
perspective, it can be observed that the most basic func- 


tions of the ancient post road in all ages include postal 
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service, military affairs, trade and official travel. Basing on 
these functions, the occurrences and underlying causes of 
these evens are not isolated but have a certain diachronic, 
and are closely related to the ancient post road. These e- 
vents not only depended on the ancient post road, but also 
reacted onit. Events and space have always been insepara- 
ble. Is there a narrative spatial relationship between the e- 
vents and space of the heritage network? Can people un- 
derstand the relevant factors such as the emergence, devel- 
opment context, causes, and spatial characteristics of the 
ancient post road from these significant events and con- 
nect them to form a complete heritage network system of 
South China Historical Trail? This paper takes the ancient 
post road in Southern Guangdong as an example, and tries 
to answer these questions. Due to the changes in time, the 
Guangdong Province referred in the definition of the 
ancient post road has been different from that of today. 
This study focuses on the current administrative boundary 
of Guangdong Province, while further research is needed 
for the ancient post roads in Hainan Island and the coastal 


areas of Guangxi. 
2 Research approach and methods 


Narrative space system is a method theory to study 
the spatial environment based on narrative theory. Space 
narrative process and its dynamic development course is 
consistent, which has development, climax and endings. 
Spatial environment is influenced by geography, humanity, 
nature, and many other factors. Space narrative arises from 
the organization of scenes in a space and of events in time. 
Different generating processes of the narrative will lead to 
different experiences, including both temporal and spatial 
dimensions. Traditional narrative space research on the en- 
tity space mainly focus on the meso-microscopic scale 
space, often overlooking the exploration of the historical 
development of a regional system within a larger environ- 
mental context through narrative means. While paying at- 
tention to the structure characteristics of the large-scale 
narrative space system, it is also conducive to exploring 
the development context of a region. 

On the basis of previous theoretical research, this 


‘ 


study defines the narrative spatial system as the “space 


where events occur along the post road.” Mainly by col- 
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lecting and sorting out the events that have taken place a- 
long the ancient post road, the study primarily investigates 
the cultural connotations and characteristics of the road. 
Through establishing the connections between linear fea- 
tures and heritage sites, the study conducts a comprehen- 
sive analysis of the narrative space within the entire herit- 


age network of South China Historical Trail. 


3 Narrative space analysis of South China Historical 


Trail 


Based on the characteristics of the ancient post road 
in Southern Guangdong, different from traditional approa- 
ches to categorizing narrative spatial elements such as e- 
vent elements and artificial elements, the narrative ele- 
ments of the ancient post road were classified into four 
sections: postal, military, trade and official travel accord- 


ing to their functional characteristics. 
3.1 Analysis of postal service elements 


Postal service connected the communication and in- 
formation transmission of the whole country. It was ini- 
tially established for the needs of national military admin- 
istration, and was a multi-functional organization, which 
was built with a series of related facilities and buildings 
such as post roads, horses, chariots, post pavilions, post 
inns.It not only addressed transportation and correspon- 
dence matters but also served as reception centers for en- 
voys and transmission points for military reports. Due to 
the well-developed water network in the south, South Chi- 
na Historical Trail was predominantly relied on water 
routes during various periods, using land routes to connect 
different waterway segments. During the Tang and Song 
dynasties, the rapid development of sea technology accel- 
erated the improvement of the waterway network system 
of southern post roads. In fact, during the Tang Dynasty, 
the Guangzhou-Haiyi Road, among other similar routes, e- 
merged to enable exchanges with overseas regions. 

According to the documented names of the post sta- 
tions corresponding to modern place names, the locations 
of the post stations from different era were marked on the 
map. After classifying each post station according to dif- 
ferent grades, the main line and distribution points of the 
ancient post road in Southern Guangdong were obtained 


[ 18-22 ](Figure 1). In the early days of the Tang Dynasty, 


Zhang Jiuling opened Dayu Ling Road, passing through 
three towns including Meiguan and another two post sta- 
tion sites, Yulingyi and Hengpuyi 18]; In the Song Dy- 
nasty, the Chaohuixia Road was renovated on a large-scale, 
and more post stations were set up along the coast of east- 
ern Guangdong [19]; In the Ming Dynasty, a large number 
of post inns were built along existing post roads, not only 
for military purposes but also as stations for delivering of- 
ficial documents and goods [21]; In the Qing Dynasty, the 
means of transportation were developed, and the mode of 
transportation was no longer limited to the traditional 
ways of post transmission. As a result, there were not 
many new post stations [22] (Figure 2). Since there are 
more available references to Ming Dynasty post inn loca- 
tions, most of the post stations shown on the map are from 
that era. Although these post stations have the possibility 
to cover the previous generation, they are still of great 
value to interpret the narrative space structure of the 
ancient post road in Southern Guangdong from a postal 
perspective. 

Through a density analysis of postal facilities and 
nodal cities throughout different dynasties, it can be ob- 
served that the postal system in Guangdong Province re- 
volved around Guangzhou, extending along the Beijiang 
River, Xijiang River, Dongjiang River and their tributaries, 
heading towards the east, north, and west regions of 
Guangdong, highlighting the importance of water routes. 
The higher-ranked nodes in the postal system, such as 
Xunhua, Yingzhou, Leizhou and Fengzhou in the road ad- 
ministration, most of which were built early, served as im- 
portant transportation hubs on the post road in the past 
dynasties. From a geographical perspective, these locations 
were strategically positioned at the intersection of water 
routes and either other water routes or land routes, with 
the superior geographical position, providing convenient 
conditions for water and land transportation. From the per- 
spective of social and economic conditions, there are many 
villages and towns around these areas, with a high degree 
of economic development, which provided a good material 
guarantee for the postal transmission. Consequently, the 
postal functions flourished, further fostering economic and 


social development in these regions. With the development 
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of the Times, the post road gradually expanded from the as the central points, the network structure of the post sta- 
main road route to the branch road system. With Guang- tion was formed by means of mutual connection and sur- 
zhou, Huizhou, Yingde, Duanzhou, Leizhouand Shaozhou rounding development (Figure 3). 


Figure 1 Distribution map of the ancient post stations along South China Historical Traill 18-22 ] 
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Figure 2 Distribution map of postal facilities along South China Historical Trail in different dynasties 
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Figure 3. Kernel density map of the distribution of post stations throughout history 


3.2 Analysis of military element 


The development of Lingnan by the dynasty of the 
Central Plains was originally aimed at controlling the bor- 
der areas.During the Qin Dynasty, they launched expedi- 
tions into Lingnan and constructed four “new routes.” The 
first one passed through Jiangxi Dayu Ling Mountains, via 
Hengpu Pass, from the Beijiang River to Panyu along the 
Zhenjiang water; The second one started from Chen Coun- 
ty through Yangshan Pass, along the Huangshui River 
through Kuangpu Pass, and descended southward along 
the Beijiang River; The third one crossed Guiling 
Mountains, descended southward along the He River, and 
reached Panyu from the Xijiang River; The Fourth route 
followed the Xiangjiang River from Lingling, down to the 
Lijiang River, into the Xijiang River [8]. Zhao Tuo estab- 
lished fortresses and camp sites in present-day Huidong, 
Boluo, Zijin in Heyuan, Longchuan, and other areas, indi- 
cating the early use of the Dongjiang River waterway dur- 
ing the Qin Dynasty. The five routes of the Western Han 
Dynasty basically followed the Qin Road, with only one 
Zangke River newly opened; In the Eastern Han Dynasty, 
the Wushui waterway was renovated and the route from 
Chenzhou to Shaozhou was shortened [10]. The roads 
built in the Qin and Han dynasties laid the route pattern 
for entering Lingnan from the northwest, and the military 


strongholds and the location of the major wars could re- 


flect the development process of Lingnan in the Qin and 
Han dynasties. Emperor Daizong in Tang Dynasty sent 
troops all the way along the south of the Beijiang river, 
successively captured Shaozhou, Pajiangkou, Duanzhou 
and Guangzhou. Another army from Fujian along the Cha- 
ohuixia Road captured Chaozhou and Xunzhou; During 
the invasion of the Southern Han Dynasty by the Song 
Dynasty, the Song army entered Lingnan along Lianjiang 
River and successively captured Lianzhou, Shaozhou, 
Yingzhou and Guangzhou [23]; During the Mongol inva- 
sion of the Song Dynasty, one army fought in Zijin, Long- 
chuan, and Haifeng, while another army crossed the Dayu 
Ling Mountains and descended southward along the Bei 
River, finally meeting in Guangzhou; During the Ming 
dynasty’s overthrow of the Yuan Dynasty, the forces also 
entered Guangdong through the Dayu Ling Mountains; In 
the 40th year of the Jiajing reign, to suppress the mountain 
dwellers’ uprising, the Ming army along the Chaohuixia 
road attacked Haifeng, Shangui and other counties [24 |. 
During the Ming and Qing dynasties, due to the invasion 
of Japanese pirates, very intensive military defense facili- 
ties were established in the coastal areas, such as guard of- 
fices, fortresses and forts, with military patrol and protec- 
tion lines added at various river estuaries [25]. At this pe- 
riod, Chaohuixia Road and Zhaolei Post Road were still of 
importance for the military traffic in Southern Guangdong, 


serving the functions of military information transmission 
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and material transportation (Figure 4). 
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Figure 5 Nuclear density map of successive military narrative points 


According to the kernel density analysis, military 
routes primarily relied on waterways. This is because the 
northern part of Guangdong is mountainous, with hilly 
plains and a dense river network, making waterway the 
most convenient route. Lianzhou, Nanxiong, Shaozhou and 
Yingde had been military strongholds in the past dynas- 


ties, located in the upstream areas of rivers. Occupying 
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these areas allows for southward movement along water 
routes directly to the provincial capital, Guangzhou. In 
terms of the spatial distribution and number of the fortres- 
ses, the Japanese threat was most severe in the Guangzhou, 
Chaozhou, and Huizhou areas during the Ming and Qing 
dynasties. Until the Ming Dynasty, Guangdong formed a 


network of military roads with Guangzhou as the center, 
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connecting the east and west and the coastal areas. The 
military events around South China Historical Trail 
brought the change of life style and the transformation of 
living environment to the Lingnan region. In terms of cul- 
ture, the advanced technology in the north was brought to 
the desolate Lingnan through the post road by the war. At 
the same time, the construction of fortresses and strong- 
holds in the local area also further improved the ancient 
post road system; In terms of socio-economic aspects, the 
large number of population migration caused by the war 
had a great impact on the composition of the local popula- 
tion. After the war, a large number of soldiers and immi- 
grants stayed in the area, which objectively promoted the 


prosperity and development of Lingnan region (Figure 5). 
3.3 Analysis of trade elements 


Trade exchange reflects the economic function of the 
post road. The trade in Lingnan region can be divided into 
two types: internal and external. The Internal trade mainly 
refers to the circulation of commodities in the province, 
including bamboo, timber, marine products, tea and other 
products. The external trade, on the other hand, refers to 
the trade from Lingnan region to other places, which can 
be divided into other regions in China and overseas. From 
the perspective of overseas trade, South China Historical 
Trail is an integral part of the Maritime Silk Road. Goods 
from Jiangnan and the Central Plains passed through the 
post road and reached the ports of Xuwen and Hepu before 
being exported. Instead, the goods from overseas, and 
Lingnan products such as salt, iron products, ceramics and 
fruits travelled northward along the post road to the Cen- 


tral Plains. 
3.3.1 Analysis of salt transport and trade 


Historically, Guangdong is one of the largest seawater 
salt producers in China. The distribution of salt farms is 
centered on the Pearl River Estuary, which is divided into 
eastern salt fields, such as Chaoshan and Hailufeng and 
others, and western salt farms in Dianbo, Maohui and 
Baishi [26]. Until the Song Dynasty, a large number of 
salt farms had been established in the coastal areas of east- 
ern and western Guangdong, forming a basic pattern of 
salt fields (Figure 6). Before the Ming Dynasty, Guang- 
dong salt was mainly sold within the province; since the 
Ming Dynasty, Guangdong salt was not only for local con- 


sumption, but also exported to Fujian, Jiangxi, Hunan, 


Guizhou and Yunnan regions [27]. Transportation mainly 
relied on the Pearl River system, using the way of provin- 
cial distribution, tidal bridge and field distribution. Most 
of the salt was transported along the sea road to Donghui 
Pass in Guangzhou (i. e. provincial distribution) waited 
for distribution. Then salt was transported along the Bei- 
jiang waterway to Yingde, Shaoguan, Nanxiongzhou, far to 
Jiangxi across Dayu Ling Mountains or to Hunan across 
Qitian Ling Mountains for sale. In addition to the provin- 
cial distribution, part of the salt in the eastern Guangdong 
salt field was transported to Guangji Bridge by Chao mer- 
chants, and then ascended the Hanjiang River to reach Fu- 
jian and Jiangxi (namely Chao Bridge) [28]. Salt in 
western Guangdong province was sold along the Jianjiang 
River and Hejiang River to Guangxi. The main official salt 
transportation route was formed in the Qing Dynasty 
(Figure 6). 

The circulation of salt in various dynasties was most- 
ly controlled by the government to collect the salt tax and 
generate significant fiscal revenue. This, in turn, gave rise 
to the private salt industry, which primarily conducted 
transactions in the places of origin or at checkpoints along 
the way, often taking more perilous routes for selling to 
other regions. With its dense network of waterways, the 
Lingnan region established private salt transportation 
nodes in challenging-to-control areas where land and wa- 
ter intersect, such as Huizhou Fuqiao, Dongguan Lanwei, 
and Xinhui Jiangmen, thus forming a complex network of 


ancient road branches [29]. 
3.3.2 Analysis of porcelain transport trade 


Guangdong has had a tradition of firing ceramics 
since ancient times. By the Tang Dynasty, the porcelain 
kilns in Guangdong were able to produce the standardized 
celadon ware [30]. In the middle of the Northern Song 
Dynasty, due to the increasing demand for porcelain ex- 
port, kilns mainly producing porcelain for overseas trade 
were established in Guangzhou and the eastern coastal are- 
as of Guangdong. The four major kilns in the Song Dynas- 
ty were located along the Pearl River, Xijiang River and 
Hanjiang River, and their products could be shipped out 
through Guangzhou Port or Chaozhou Port. The porcelain 
industry in Leizhou Peninsula is also quite developed. Up 
to now, there are still a large number of Tang to Yuan kiln 


sites preserved in Leizhou and Suixi, where ceramics were 
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exported through Leizhou Port [32]. jiang-Pearl River channel. In the Qing Dynasty, white porcelain 

Jun porcelain produced by Foshan Shiwan Kiln is the was imported from Jingdezhen to Guangzhou as porcelain em- 
most famous among the Ming Dynasty Canton porcelain. At bryo for color painting, resulting in the distinctive Kwon- 
that time, the porcelain produced in Jingdezhen, the most im- glazed porcelain , which was exported far overseas through the 


portant porcelain industry center in China, was also transported Maritime Silk Road (Figure 7). 
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Figure 7 Main porcelain transportation routes in the past dynasties 30-33 ] 


The rise and fall of Guangdong porcelain industry is gzhou port was the largest port, when porcelain kiln dis- 
closely related to the overseas trade status of the ports, es- tributed throughout the province; In the Southern Song 
pecially Guangzhou port. During the Song dynasty, Guan- Dynasty, with the rise of Quanzhou Port, the status of 
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Guangzhou port declined, where most of the porcelain 
kilns stopped burning and abandoned; In the early Yuan 
Dynasty, The status of Quanzhou port surpassed that of 
Guangzhou Port, coupled with the influence of war, where 
porcelain kilns were almost completely abandoned; Until 
the Ming and Qing Dynasties, Canton porcelain rose again. 


According to the analysis of trade kernel density, 


toward Tashan Town, 


trade routes based on salt and porcelain transportation re- 
lied on river channels. The location of salt fields and kiln 
sites depends on the landscape environment, and is closely 
related to the distribution of wharfs. Furthermore, the salt 
transportation line further enriches the network system of 


ancient post roads in Guangdong (Figure 8,9). 
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Figure 9 Kernel density map of the narrative points of successive trade 


3.4 Analysis of official travel elements 

Historically, Lingnan has lagged behind the Central 
Plains for quite a long time,and was regarded as “barbaric 
land” and often used as a place for officials’ exile. Since 


the Qin Dynasty, officials have been demoted here, and the 


number of exiles reached its peak during the Song dynasty. 
On their way to exile, they wrote about what they saw and 
heard in many poems, forming a unique culture of exile (Ta- 
ble 1). After taking office, many officials took more active 


positions to promote the local development and made great 
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contributions to the development of Lingnan. 


Table 1 Distribution of official travel narrative points in previous dynasties [33-36 ] 


Dynasty Scholars and poets Psalm location 


Qin and Han Dynasties-the Wu Yinzhi Tan spring 
Northern and Southern Dynasties Wang Shuzhi Fenghuang valley 
Song Zhiwen Dayu Ling, Shaozhou, Qingyuan Gorge, Yuewangtai, Mandong, Longzhou River 


Han Yu Tongguan Gorge, Zhennu Gorge, Linlong Temple, Xuanxi 


Tang Dynasty ; : q : : Zs ears 
Li Qunyu Shimen, Xiashan Temple, Yuetai, Two Rocks Behind Pujian Temple, Luxi, Lingjiu Temple 


Liu Yuxi Guiling, Lianzhou West Mountain 


Jianfeng Temple, Shaoshi Mountain, Yuehua temple, Nanhua temple, Shengshou Temple, Xiashan Temple, 
Zhenyang Temple, PuJian Temple, Yuri Pavilion, Luofu Mountain, Songfeng Pavilion, Guishan County, 
Dayun Temple, Baishui Mountain in Boluo County, Xichan Temple, Huizhouxi Lake, Jiayou Temple, 
Baihe Peak, GuLao Township, Yutai Temple in Guifeng Mountain, Sudu Pavilion, Xianren Cave, Fujin 
Pavilion, Liubei Bridge, Jiangyue Tower, Guimenguan, Xifuren Temple, Tiaofeng Village, Suer Village, 
Dijiaochang, Fubo Temple in leizhou, Tianning Temple Door, Sugong Pavilion, Jingxing Yard, JingSu 
Song Dynasty Tower in Beiliu city, Sanjian Rock, Zifu Temple in Dongguan, Zhongmiao Hall, Baotuo Temple in Ling- 
feng Mountain, Baolin Temple in Qingyuan, Longguang Temple 


Qin Guan Lei yang, Haikang 


Li Gang Nan du, Huijian Landscape 


Zhenyang Gorge, Xiashan Temple, Yuewangtai, Nanhai Dongmiao Yuri Pavilion, Longchuan, Jieyang, 
Yang Wanli 
Nankang 


Wen Tianxiang Lingdingyang, Nanhai, Yuewangtai, Nanhua Mountain, Chaoyang shuangzhong Temple 


Baochang, Yingde, Shaoyang, Nanhua Temple, Feng Yantan, Damiao Gorge, Wengyuan Ling Pool, Zhen- 


: Tang Xianzu jiang Gorge, Feilaisi Spring, Qingyuan, Hui Qiyi, Jindi, Damiao Gorge, Wuyang Yi, Guangxiao Temple, 
Ming Dynasty : . 
Polo Temple, Baisha Haikou 


Qi Jiguang Chaozhou Ferry, Meiling 


Wang Shizhen Zhang Wenxian Temple,Gewugang, Liurong Temple, Songtai, Humen 


Qing dynasty Lin Zexu Yue Huaqing,Gaoyangtai, Humen 


Wei Yuan Macau Garden, Hong Kong 
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Figure 10 General route of previous dynasties [33-36 ] 


Before the Tang Dynasty, there were just a few offi- were many records of the relegated officials. From the po- 
cials relegated to Lingnan, only Wu Yinzhi and Wang ems of Han Yu, Li Qunyu and Song Zhiwen, it can be seen 
Shuzhi were recorded. During the Tang Dynasty, there that the main route from north to south at that time was 
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the water route from Dayu Ling into Beijiang River, while 
the route from central Guangdong to the west followed the 
Dongjiang waterway. In the Song Dynasty, the provincial 
postal network had almost formed, with water routes being 
particularly convenient. Therefore, the relegated officials 
mostly went down the waterways, leaving many poems 
praising the mountains and rivers along the way. Among 
them, the most famous is Su Shi, the number of poems he 
left behind is enough to prove his tracks, which can also 
be used as a circumstantial evidence of the official route. 
In the first year of Shao Sheng (1094), Su Shi was demo- 
ted to Huizhou from Dingzhou, and his route to Guang- 
zhou involved crossing Dayuling from Dayu County in 
Jiangxi, passing through Meiguan to Nanxiong, traveling 
down the Zhenjiang River to Shaozhou, Yingzhou, 
Qingyuan, reaching Guangzhou, and then ascending the 
Dongjiang River to Huizhou; In the fourth year of Shao 


Sheng (1097), he was banished to Hainan again, traveling 
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from Huizhou along the Dongjiang River, Westward from 
Xijiang River to Zhaoqing, Deqing, Wuzhou, Leizhou, and 
finally reaching Hainan. Li Gang, Yang Wanli and Wen 
Tianxiang followed similar routes; thus, it can be seen that, 
as in the Tang Dynasty, the Beijiang and Dongjiang water- 
ways were still the main routes. In the Yuan Dynasty, the 
demoted officials left fewer poems, which is difficult to 
research. In the Ming Dynasty, Guangdong was relatively 
developed, and with the need of charging the army, offi- 
cials were mainly relegated to Liaodong, Yunnan, Guizhou 
and other places and the number of exiles to Lingnan 
gradually decreased, mainly including Tang Xianzu, Wang 
Yangming, Qi Jiguang and others. In the Qing Dynasty, 
with the prosperous trade in the Pearl River Delta region, 
Lingnan was no longer a place of relegation. It can be seen 
from the poem that the means of transportation at that time 
were also greatly developed. For example, Liu Guangdi 


took a ship to Guangzhou (Figure 10). 
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Figure 11 Distribution of waterway buffer zone and official travel narrative points 


According to the analysis of river buffers, it can be 
observed that most of the official travel sites are distribu- 
ted within 10km of the river, especially along the Beijiang 
and Dongjiang river routes, and the narrative points of the 
official travel sites are basically located around the water- 
way (Figure 11). According to the analysis of the buffer 
zones of the official travel routes and post stations, it can 
be seen that there are postal stations near most of the offi- 
cial travel sites. Therefore, it is speculated where the water 
system cannot be reached, the land route used by the offi- 
cials is the postal route. Overlaying the travel destinations 


with the locations of postal stations, it can be seen that 
some temples, ancestral halls, and postal stations are dis- 
tributed in an orderly manner along the same postal road. 
Additionally, based on poetic descriptions, it can be in- 
ferred that officials had overnight stays in temples. There- 
fore, it is speculated that some official travel points such 
as temples replaced the function of accommodation, where 
officials heading south along the road could have a rest 
(Figure 12). 
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Conclusion and discussion 


Based on the collation of narrative elements related 
to postal services, military affairs, trade, and travel, and by 
overlaying the narrative spatial structure of the ancient 
Guangdong postal routes—the primary narrative carrier— 
we can summarize the main characteristics of the narrative 
spatial structure of the ancient Guangdong postal routes as 
follows (Figure 13): 

First, derived from the original attributes and con- 
struction purpose of the post road, the narrative space 
structure of the whole post road network was analyzed and 


verified, which can be restored from the perspective of 


toward iangxi Province 
18, toward Nanling ma 


function. The earliest development in the south of Wuling 


was due to the military needs of the expansion of the Qin 
Dynasty. It began to build post stations and roads, and lat- 
er gradually developed commodity trade. In addition, that 
the literati Su Shi, Han Yu and other officials exiled to 
southern Guangdong also brought the advanced culture of 
the north. Functional narrative points related to postal 
services, military affairs, trade, and travel rely on corridors 
and are interdependent and inseparable. The main spatial 
distribution of the narrative elements is centered around 
Guangzhou as the main core, with Leizhou in western 
Guangdong, Yangjiang and Chaozhou in eastern Guang- 
dong as the secondary core space structure. The rest water 
system distribution is mainly along the Pearl River such as 


Xijiang, Dongjiang, Beijiang and Han River (figure 14). 


Figure 13 Function Overlaying Map 


Second, the historical development of South China 
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Historical Trail is from the exploration period of the Qin 
and Han Dynasties, to the prosperity period of the Tang 
and Song Dynasties, and then to the final perfection and 
maturity of the Ming and Qing Dynasties, which has dif- 
ferent functional characteristics in different dynasties. The 
construction of post roads in the Qin and Han dynasties 
was mainly for military purposes, opening up routes to en- 
ter Lingnan via both waterways and land routes, which can 
be referred to as the development and exploration period; 
By the Tang and Song dynasties, as the economic center 
shifted southward, the economic color of the post road 
gradually strengthened; The economic function of the post 
road in the Song Dynasty was further strengthened, and 
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the military role gradually retreated behind. It can be re- 
garded as a turning point of the post road function. The 
post road extended from the eastern to western Guangdong 
and entered the prosperous period with the trunk system 
gradually formed; Around the Ming Dynasty, the ancient 
post road system entered a mature period. The post road 
branch was extended to more remote areas, and formed a 
relatively perfect land and water post road network sys- 
tem. Due to the various reasons of Japanese invasion and 
feudal centralization, post roads near the sea played a 
more important military role than before. Therefore, the 


military pattern of Guangdong coast was formed. 
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Figure 14 Narrative space structure of South China Historical Trail 


Third, the main body of the narrative space of South 
China Historical Trail had formed a structure with water as 
the main and land as the auxiliary. Beijiang, Dongjiang 
and Xijiang served not only as the main access routes to 
Guangdong from the outside world, but also as the main 
arteries connecting the central, eastern and western parts 
of Guangdong, which formed the water backbone network 
of South China Historical Trail. Overland could be regar- 


ded as a supplement to the waterway, as a link between the 


mountains, or as an auxiliary parallel to the waterway, and 
connecting the more remote areas by extending from the 
waterway. The formation of such characteristics is mainly 
because of the convenient water transportation, without 
consuming a lot of manpower and material resources to 
pass, allowing for easier military operations and smooth 
transportation of lightweight and fragile goods for trade. 
Officials traveling by water routes can save costs while 


enjoying the beauty of mountains and rivers, immersing 
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themselves in poetry and admiring the scenery. Several 
main streams of the Pearl River system played an indis- 
pensable role in the ancient post road system. And military 
waterways can reduce the burden of travel. The post road 
network of water and land constitutes the overall pattern 
of narrative space of South China Historical Trail (Figure 
14). 

Fourth, the spatial distribution characteristics of the 
narrative spatial structure of the past dynasties can be 
clearly seen from the kernel density map. It is not difficult 
to find that the transfer of the narrative space subject of 
South China Historical Trail has experienced the process 
from the main land of northwest Guangdong to the coast 
of central Guangdong, southern Guangdong and southeast- 
ern coastal Guangdong; The transfer of the main body of 
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the narrative space also shows the development process of 
the main body of post, military, trade, and culture, from 
the initial communication within the Central Plains to the 
coastal areas and then to the external exchanges of the 
Maritime Silk Road to the world, which becomes the epit- 
ome of the historical development process of Lingnan re- 
gion (Figure 15). 

To comprehensively research and understand, from 
the perspective of the narrative space system, the spatial 
structure of South China Historical Trail can fully unearth 
the connotation of the ancient routes, enabling the revital- 
ization and preservation of cultural heritage along the 
roads and fostering the revival and development of villa- 
ges along the routes, ultimately creating a vibrant and di- 


verse Guangdong culture. 
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Figure 15 Distribution of the narrative elements of South China Historical Trail 


Figure and table sources 

Figure 1,2: The author compiled and drew based on the in- 
formation of the reference [ 18-22 ]. 

Figure 4: The authors collated and drew based on the in- 
formation of references [ 10,23-25 ]. 

Figure 6: The author sorted out and drew based on the in- 
formation of the reference [ 26-29 ]. 

Figure 7,8: The author compiled and drew based on the in- 
formation of reference [30-33]. 

Figure 10: The author compiled and drew based on the in- 
formation of the reference [ 33-36 ]. 

Table 1: The author arranges and drew based on the infor- 
mation of reference [33-36 ]. 


The remaining images were drawn by the authors. 


Note 


The route reference is fromthe General Plan of Protection 
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and Utilization of the Ancient Post Road in Guangdong 

Province. 
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ABSTRACT: With the popularization of open-shelf reading in university library, the change of use mode leads to the change of space mode, and 
gradually develops from corridor mode to large-scale and deep composite centralized space organization mode. However, the large and deep open 
reading space and atrium space in university libraries increasingly rely on artificial lighting, mechanical ventilation and mechanical temperature reg- 
ulation to meet the comfort needs of space thermal environment. Moreover, the improper control of passive design strategy in the early stage further 
leads to the reduction of indoor thermal environment comfort and the increase of building energy consumption. In the early stage of architectural 
design, through reasonable passive space layout design, the use of air conditioning equipment can be greatly reduced, energy consumption can be 
reduced, and the goal of green development can be achieved. Through extensive collection and analysis of 23 university libraries built in cold cli- 
mate region, by making a statistical study on the building type, building area, number of floors, building scale and building plane aspect ratio, sum- 
marizing and extracts the prototype. Referring to the typical cases in cold climate area, two core groups that reading spatial variable group and atri- 
um spatial variable group are proposed by controlling a single variable, in which each group has four plane layout modes. The dynamic energy con- 
sumption simulation software DesignBuilder is used to simulate the annual cooling, heating and lighting load of each group in cold climate region, 
and the results are converted into energy consumption values for analysis. The final results show that among the four combination modes of reading 
spatial variable group, the overall energy consumption of compound type is the smallest, and the energy-saving rate is the highest, up to 3.71% . The 
overall energy consumption of parallel type and surround type is little difference, and the overall energy consumption of surround type is the high- 
est. The energy-saving rate of the four groups of reading modes is as follows: compound type> decentralized type> parallel type> surround type. 
The total energy consumption of the atrium partial staggered floor group is lower than that of the non staggered floor group. Among the four com- 
bination modes of the atrium spatial variable group, the overall energy consumption of the organization form of the atrium partial staggered floor to 
the south is the smallest, the energy-saving rate is the highest, reaching 5.84%, and the energy-saving rate of the atrium partial staggered floor to the 
north is the lowest. Therefore, in the preliminary scheme design stage, low-performance spaces such as traffic auxiliary space can be placed at the 
building boundary to form a buffer zone similar to the transition space, so as to alleviate the negative impact of the external adverse climate envi- 
ronment on the internal space. At the same time, it can be considered to carry out partial staggered floor design of the atrium, and give priority to 


arranging the atrium on the south side, which is not only conducive to reducing the overall energy consumption of the building and achieving the 
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energy-saving goal, but also enhance the diversification of vertical sections and promote the interest of the internal space of modern university li- 


braries. 


KEY WORDS: university library; functional organization; energy consumption simulation; energy saving design 


1 Background and problem 


In recent years, with the popularization of open 
shelves, libraries have been increasingly focused on “peo- 
ple-oriented” service design in terms of functional goals. 
Buildings have gradually shifted from the corridor layout 
pattern driven by functional zoning to a modular spatial 
design. That is, while preserving the functional zoning of 
“collecting, borrowing, reading and managing,” small seg- 
mented spaces are merged into spacious and illuminated 
areas, and linear circulation spaces are consolidated into 
block spaces [1]. These spaces also serve cultural serv- 
ices, open education, and leisure and entertainment func- 
tions [2]. Changes in way of use have led to changes in 
spatial patterns. Representative examples, such as univer- 
sity libraries, have evolved towards composite centralized 
spatial organizations of large-scale, high-volume, and 
great-depth. Horizontal and vertical flow openness has be- 
come their main characteristic, greatly enriching the diver- 
sity of functional spaces. 

However, open reading spaces with significant depth 
increasingly rely on artificial lighting, mechanical ventila- 
tion, and mechanical temperature regulation to meet the 
requirements for thermal comfort of the space. Improper 
control of passive design strategies during the initial sta- 
ges further reduces indoor thermal comfort and increases 
building energy consumption [3,4]. For instance, in li- 
braries with inadequate functional layouts, artificial light- 
ing is necessary even during daytime, resulting in signifi- 
cantly increased lighting energy consumption. Simultane- 
ously, improper spatial organization leads to excessive 
light intensity in certain areas, poor thermal comfort, and 
high air conditioning loads. Through investigations, it has 
been observed that even with air conditioning, readers in 
some libraries’ reading areas still feel hot and need to use 
umbrellas while studying. Additionally, inefficient design 
patterns in core functional reading areas of certain librar- 
ies result in low utilization rates and poor efficiency. 
These problems not only result in high operational, man- 


agement, and maintenance costs, but also significantly in- 


crease energy resource waste, contradicting the concept of 
sustainable development for libraries. 

During the initial design phase of a building, provi- 
ding effective strategies for passive energy-saving meas- 
ures can facilitate architects in implementing rational ener- 
gy-saving designs. By utilizing the climate analysis pro- 
gram, Weather Tool, a sub-software of the ecological 
building design software Ecotect, and combining it with 
typical meteorological year data (CSWD), an analysis of 
the climatic conditions in cold climate zones, represented 
by Beijing, was conducted. As shown in Figure | and Fig- 
ure 2, Optimum Orientation and Psychrometric Chart, the 
optimal orientation for the layout was found to be a south- 
east deviation of 17.5°. Employing passive techniques such 
as natural ventilation and passive solar heating through 
spatial organization significantly improved the range of 
human comfort. Therefore, a well-designed passive spatial 
layout can greatly reduce the use of air conditioning e- 
quipment and decrease energy consumption. In general, 
the core problem that contemporary university libraries 
face is how to achieve a balance between meeting innova- 
tive demands and minimizing overall energy consumption 
while ensuring optimal comfort through functional spatial 
organization design. This has practical significance for the 
sustainable development of university libraries. 

Thus, by collecting existing completed cases of uni- 
versity libraries in cold climate zones, extracting model 
prototypes, selecting Beijing as a representative city for 
cold climate regions, and utilizing the simulation software 
of energy comsumption DesignBuilder, this study explores 
the impact of functional spatial design on energy con- 
sumption in library buildings and proposes optimization 
recommendations for the internal spatial organization suit- 
able for cold climate regions based on energy-saving 


effects. 


2 Current situation of university library architectural 


design and selection of the model prototype 
2.1 Extraction of university library model prototypes 
In building energy efficiency evaluation, it is essen- 
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tial to first identify the energy efficiency contribution of 
the building itself, as the external form has different im- 
pacts on the energy consumption of libraries [5-7]. There- 
fore, an extensive collection of 23 completed cases of uni- 
versity libraries in cold climate zones was analyzed to 
conduct statistical research of the architectural form, floor 
area, number of floors, building scale, and aspect ratio of 
the building plan. For selected representative cases, the a- 
rithmetic average values were used to summarize and ex- 
tract the simulation prototype, resulting in a prototype 
with a floor area of 34,520 m’, five floors, with an interior 
atrium which has the aspect ratio of 1 * 1, and the building 


plan’s aspect ratio is 1: 1. 


2.2 Selection and design of functional spaces within the li- 


brary 


The energy consumption levels vary based on the dif- 
ferent functionalities of spaces within a building. There- 
fore, transforming functional classification into perform- 
ance-rating classification is an important development in 
the theory of functional zoning for public buildings. Its 
significance lies in understanding and grasping the inher- 
ent connection between building functions, performance, 
and energy consumption [8]. By establishing a rational 
layout of functional spaces, climate adaptability in archi- 
tectural spatial design can be achieved, laying, as a pre- 
condition, the foundation for green energy-efficient design 
by reducing energy consumption and emissions. Based on 
the degree of strictness of the requirements for climatic 
performance factors and indicators in its specification, the 
spaces can be categorized as low-performance spaces, reg- 
ular-performance spaces, and high-performance spaces 
[9]. 

In library buildings, spaces for reading and study, as 
well as office spaces, have higher requirements for thermal 
comfort according to the specification, thus they are de- 
fined as high-performance spaces. Regular-performance 
spaces consist of secondary functional spaces, such as ex- 
hibition areas and report rooms. The remaining functional 
spaces, such as traffic and other auxiliary areas, which 
have lower occupancy rates and personnel density, are de- 


fined as low-performance spaces. The areas and propor- 
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tions of each space are shown in Table 2 and reasonably 
selected based on the “Library Building Design Specifica- 
tion JGJ38-2015” [10]. 
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Figure 1 Optimum orientation chart for cold climate zone (Beijing) 
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Figure 2. Psychrometric chart for cold climate zone (Beijing) 


3 Establishment of spatial organization models for u- 


niversity libraries 


3.1 Selection and setting of spatial organization variables 


As the main functional space in libraries, reading 
spaces have higher standards for lighting and thermal en- 
vironment, and different organizational patterns and layout 
methods also significantly impact the overall energy con- 
sumption of the buildings [11]. Simultaneously, as high- 
performance spaces, the form design of tall atria are close- 
ly related to the energy consumption as well [| 12]. There- 
fore, two core groups of variables are proposed: the read- 
ing space variable group and the atrium space variable 
group. 

(1) Reading Space Variable Group: The relative po- 
sition of reading spaces and traffic spaces in the plan is 
taken as the variable. That is, while excluding the varia- 


bles and ensuring the area, position, and form of other 
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functional spaces remain unchanged, the layout of the 
reading space is indirectly altered by changing the position 


of traffic and auxiliary spaces in the plan. This explores 


the variations in energy consumption under different read- 


ing modes. 


Al Floor | Plan; 


A2 Floors 2-4 Plan; A3 Floor 5 Plan; 


Bl Floor 1 Plan; 


Cl Floor 1 Plan; 


Exhibition Hall | 


Legend: 


Elevator 
Corridor 
Auxiliary Area 
Auditorium 


Office 
Study Area 
|B | Public Activity 
ia Compact Stacks 
| 10 | Open Shelves | ,, 
Lobby 
Atium D1 Floor 1 Plan; 


2 


a 


B2 Floors 2-4 Plan; B3 Floor 5 Plan 


C2 Floors 2-4 Plan; C3 Floor 5 Plan 


ioe 


D2 Floors 2-4 Plan; D3 Floor 5 Plan 


El Floor 1 Plan; 


Fl Floor 1 Plan; jan 


Gl Floor 1 Plan; 


H1 Floor 1 Plan; H2 Floors 2-4 Plan; H3 Floor 5 Plan 


Figure 3. Floor plans of different simulation groups (Groups A-D: variation of reading spaces; groups E-H:; variation of atrium spaces) 


(2) Atrium Space Variable Group: The relative posi- 
tion of the atrium space in the plan is taken as the varia- 
ble. By changing the direction of partial staggered floors 
of the atrium space and the orientation arrangement of 
study spaces, the influence of tall atria on the energy con- 


sumption of university libraries is studied. 
3.2 Setting of simulation groups and model construction 


Based on the two aforementioned variables, and in 
reference to typical spatial layouts in cold regions, along 
with the requirements of library functional circulation and 
energy-efficient design research from design codes [13], 
eight representative spatial organization patterns are 
formed. Groups A-D represent the reading space variable 
group, while groups E-H represent the atrium space varia- 
ble group. The floor plans of each group are shown in Fig- 
ure 3. 

Group A adopts a simplified floor layout pattern 
based on the typical case of the Library of Beijing Univer- 
sity of Civil Engineering and Architecture in a cold cli- 


mate region. The atrium serves as the core space of the li- 


brary, with vertical traffic auxiliary spaces centrally loca- 
ted in the four corners of the atrium. The first floor com- 
prises lecture halls, exhibition spaces, and office areas, 
while the second to fourth floors consist of horizontally 
surrounding open reading spaces and book storage areas. 
The fifth floor is dedicated to study spaces. 

Group B adopts a simplified floor layout pattern 
based on the typical case of the Library of Changqing 
Campus, Shandong Normal University, in a cold climate 
region. In this layout, less energy-consuming traffic auxil- 
iary spaces are placed in the corners of the building’s o- 
verall form, turning the reading spaces into a horizontally 
composite arrangement. 

Group C refers to the simplified floor plan layout 
pattern of the Beijing Central University of Finance and 
Economics Library, which is a typical case in cold climate 
areas. In this pattern, energy-efficient transportation auxil- 
iary spaces are located on the north and south sides of the 
building’s floor plan, while the concentrated reading 
spaces are divided into multiple smaller spaces, forming a 


horizontally dispersed layout. 
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Table 1 Statistics of university library cases 


a . Presence 
Case Name Floor Area Number of Floors Building Scale(m) Aspect Ratio . 
of Atrium 


Architectural Tsinghua University Law 7 Above Ground:8+ 
; 20,000 m* 51 x 51 
sketch School Library Below Ground: 2 


Beijing Institute of . Above ground:7+ 
. . . . 34,169 m? 61 X< 61 
Architectural Engineering Library Below ground: 


Sat . : ae Above ground:5+ 
Nankai University Library, Tianjin 36,400 m2 82 74 
Below ground: 


: ‘ : : . Above ground:7+ 
China Agricultural University Library} 48,725 m? 38 38 
Below ground: 


: : 7 Above ground:5+ 
Northwest Textile College Library 23,450 m? 68 a7 
Below ground: 


Shandong University of Science Above ground:6+ 
: 17,052 m? 58 X 42 
and Technology Library Below ground: 


Tianjin University Beiyangyuan 
d ‘ aee 20,880 m2 5 67 65 
Campus Library 


Northwest University Library 30,960 m? 82 75 


Yes 


Central University of Finance and (87% ) 
30,400 m? 88 X< 72 : 
Economics Library, Beijing 


Anhui University of Science and 
. 28,220 m? 88 80 

Technology Library 
Taiyuan NormalUniversity Library 29,840 m2 82 80 
Shaanxi Institute of Mining Library 13,800 m? 53 50 


Gansu Agricultural University Library 6,906 m2 47 47 


Shaanxi Normal University 
, . 10,450 m? 44 X< 44 
Chang'an Campus Library 


Shandong Normal University 
: . 34,820 m? 78 75 
Changqing Campus Library 


Shandong University of Science 
25,578 m? 64 X< 58 
and Technology Library 


Yantai University Library 14,300 m? 60 45 


Shangqiu Normal University Library 6,017 m? 65 47 
Lanzhou University Library 20,890 m? 62 58 
Taiyuan Polytechnic Institute Library 24,480 m? 72 68 


Henan Xinxiang Medical 
‘ . : 9,080 m? 55 41 
University Library 


No 


Hebei University of 
5,796 m? 46 x 42 : (13% ) 


Technology Library 


Above ground:4+ 


Qinghai Normal University Library 9,504 m? 
Below Ground: 1 


Table 2 Classification of performance spaces 


. Percentage of Percentage of 
Performance space types Functional space names Area(m? ) . 
functional space(% ) performance space(% ) 


Reading spaces 21,540 


High-performance spaces Study spaces 3,040 73 
Office spaces 885 
Report and exhibition spaces 885 


Regular-performance spaces Public activity spaces 


Book storage spaces 


Traffic spaces 


Low-performance spaces 


Auxiliary spaces 


Group D refers to the simplified floor plan layout pattern of the Tianjin Nankai University Library, which is 
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another typical case in cold climate areas. In this pattern, 
energy-efficient transportation auxiliary spaces are located 
on the east and west sides of the building’s floor plan, 
while the concentrated reading spaces are divided into two 
reading areas, north and south, forming a horizontally par- 
allel pattern. To ensure the accuracy of the results of this 
simulation which controlls a single variable, the layout 
forms and orientations of other functional spaces on each 
floor in Groups B, C, and D are the same as Group A. 
Groups E, F, G, and H, based on Group A and with 


minimal changes to the positions, areas, and layouts of 


|_| Auxiliary Area 
|_| Traffic Area 

__| Reading Area 
|_| Compact Stacks 
|_| Public Activities 
__| Study Area 

|_| Office Area 


Group A: Three-floor Plan 


Group E: Five-floor Plan 


Group B: Three-floor Plan Group C: Three-floor Plan 


Group F: Five-floor Plan 


other functional spaces, modify a single variable by stag- 
gering the position of the full-height atrium on the fifth 
floor to the west, east, south, and north sides respectively. 
This means that the large and energy-consuming atrium 
space of the building is divided into two connected verti- 
cal composite atrium spaces in the section. Analyzing the 
section, the core consists of a vertically full-height stag- 
gered atrium, with vertical transportation spaces in the 
middle, and a combination pattern of north-south or east- 
west study spaces on the outer side of the top floor. The 


Design Builder model photos are shown in Figure 4. 


Group D: Three-floor Plan 


Group G: Five-floor Plan Group H: Five-floor Plan 


Figure 4 Design builder model floor plans 


To facilitate the comparative analysis of simulation 
results in the following text, the attributes, patterns, and 
methods of controlling variables for each group are sum- 


marized in Table 3. 


3.3 Selection of simulation software and setting of simula- 


tion parameters 


The simulation of library buildings relies on the dy- 
namic energy-consumption simulation software Design 
Builder, with Energy-Plus as the calculation engine. This 
software provides thermal properties of climates, build- 
ings, components, as well as operational schedules and the 
HVAC equipment. The climate data is in CSWD format 


and was set according to the “Specialized Meteorological 


Dataset for Analysis of Thermal Environment in Chinese 
Buildings” compiled by the Meteorological Information 
Center of the China Meteorological Administration, under 
the editorial supervision of the Department of Building 
Science and Technology at Tsinghua University. Meteoro- 
logical parameters were selected from data specific to Bei- 
jing, representing a typical city in cold regions, in order to 
provide a basis for studying the relationship between dif- 
ferent spatial organization patterns and energy consump- 
tion. The simulation outputs include cooling load, heating 
load, and lighting energy consumption, which are evalua- 
ted based on the total energy consumption and energy-sav- 


ing efficiency values after being converted to COP values. 
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The performance parameters of each functional space 
were set based on the parameters specified in the “Green 
Performance Calculation Standard for Civil Buildings JGJ/ 
T449-2018” [14] and the “Design Specification for Li- 
brary Buildings JGJ38-2015” [10]. Parameters that are not 
specified in the standards and specifications were set ac- 
cording to the default values in the software template. The 
specific parameters are shown in Table 4. 


The building envelope structure plays a crucial role in re- 


sisting external adverse environmental factors, and different se- 
lections and configurations have a significant impact on build- 
ing energy consumption [15]. The parameters of the envelope 
structure in the model are set according to the thermal perform- 
ance limits for public building envelopes in cold climate re- 
gions specified in the “Energy-saving Design Standard for 
Public Buildings” [16]. The thermal parameters designated in 
the standard are used as default parameters in the simulation, as 


shown in Table 5. 


Table 3. Simulation group settings 


Variable Variable 2 


Group ID Group name Layout combination patterns 


Reading space 


Traffic space Atrium space Study space 


Layout layout layout layout 


Surrounding reading + 


traffic center 


Surrounding style 


Side style 


Central style 
CNorth-sout 


Core style 


Composite reading + 


Reading space corner traffic 


Composite style 


Side style 


Corner style 
(North-sout 


Core style 


variable group Dispersed reading + 


North-south traffic 


Dispersed style 


Side style 
(North-south) 


Side style 
Core style 
(North-sout 


Parallel reading + 


East-west traffic 


Parallel style 


Side style Side style 
Core style 


(East-west) (North-sout 


West side staggered + 
North-south study 


Surrounding style Central sty 


Composite style 


(East ) 


Side style 
(North-sout 


East side staggered + 


Atrium space North-south study 


Surrounding style Central sty 


Composite style 
(North ) 


Side style 
(North-sout 


South side staggered + 


variable group 


East-west study 


Surrounding style Central sty 


Composite style 


(south ) 


Side style 
(East-west) 


North side staggered + 


East-west study 


4 Comparison and analysis of simulation results 


The Design Builder software is used to simulate the 
annual heating and cooling loads and lighting loads, and 
the output summary provides the results of heat and cool 
supply (in terms of kWh). These values are then conver- 
ted into energy consumption values for analysis according 
to the standard of the cooling-heating source system’s co- 


efficient of performance (COP). 


4.1 Energy consumption analysis of reading space groups 


4.1.1 Annual cooling and heating energy consumption 
per unit area 

The simulation shows that Group A has the highest 

values for annual cooling energy consumption per unit ar- 

ea and annual heating energy consumption per unit area, 

which are 15.76 kWh/m’/yr and 17.84 kWh/m’/yr, respec- 


tively. At the same time, as seen in Figure 5, groups B, C, 
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Surrounding style Centra 


Composite style 
(West ) 


Side style 
(East-fest) 


and D, which have low-performance traffic areas located at 
the climate boundary, exhibit reduced cooling and heating 
energy consumption per unit area in all climate zones 
compared to Group A, which has high-performance read- 
ing spaces surrounding the climate boundary. This indi- 
cates that placing low-performance spaces at the climate 
boundary can act as a buffer against adverse external cli- 
matic factors. 

Group B places the traffic spaces at the four corners, 
and the reading spaces are arranged in a horizontally cen- 
tralized manner, resulting in the most noticeable energy- 
saving effect. It has the lowest values for annual cooling 
energy consumption per unit area and annual heating ener- 
gy consumption per unit area, which are 14.70 kWh/m’/yr 
and 14.77 kWh/m’/yr, respectively. Additionally, Group C 
also exhibits lower values for annual cooling and heating 


energy consumption per unit area, which are 15.12 kWh/ 
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m’/yr and 15.84 kWh/m/’/yr, respectively. This indicates 
that when the form of the reading spaces is horizontally 
dispersed-style, that is to say, dividing a single open high- 


performance reading area into multiple small reading 


spaces, it can also contribute to reducing energy consump- 
tion to some extent. The ranking of annual cooling and 
heating energy consumption per unit area is as follows: 


Group A> Group D> Group C > Group B. 


Table 4 Functional space parameter settings 


Lighting Equipment Personnel 
Personnel 
power power ; heat 
space : : density 
density density 
name (m?/ person) 


(W/m?) (W/m?) 


Functional 


dissipation 


(W/ person) 


[m3/(h + person) | (Ix) 


Room Room 
Fresh air . Room 
summer set winter set 


Reference 


volume illuminance plan and 


temperature . 
height (m) 


temperature 
CC) CC) 


Compact stacks / 


0.25m 
10 28 14 50 
(vertical plane) 


Open shelves : 08 


0.75m 
30 26 20 300 ; 
horizontal plane) 


Exhibition hall i 08 


0.75m 
30 26 300 
horizontal plane) 


Lecture hall i 08 


0.75m 
30 26 300 : 
horizontal plane) 


Administrative 
34 
office 


0.75m 
30 26 300 


horizonta 


Corridor 34 


20 26 75 


Elevator 34 


20 28 i) 


Restroom 34 


20 28 75 


Study and 
. ; 08 
discussion 


30 26 300 
( horizontal plane) 


Lobby z 34 


20 26 150 ground 


Public 


a 81 
activities 


Table 5 Parameters for envelope structure 


; Heat transfer 
Envelope Construction layers . . 
Thickness coefficient 


(Wim? + k) 


structure (from outside to inside) 


Cement mortar 20 mm 


60 mm 


240 mm 


External Extruded polystyrene foam board 


wall Concrete Block 


Cement mortar 20 mm 


20 mm 


100 mm 


Cement mortar 


Internal wall Lightweight concrete board 


Cement mortar 20 mm 


Cement mortar 50 mm 


10 mm 


200 mm 


Moisture barrier 


Cast-in-place reinforced concrete 


Cement mortar 20 mm 


20 mm 
200 mm 


Cement mortar 


Cast-in-place reinforced concrete 


Cement mortar 20 mm 


Cement mortar 40 mm 


Waterproof layer 10 mm 


20 mm 
200 mm 
100 mm 


Cement mortar 


Polystyrene foam board 


Lightweight concrete board 


Cement mortar 20 mm 


External 
14+ 6mm 


Double low-e glass 


windows 


0.75m 
30 26 


( horizontal plane) 


4.1.2 Annual lighting energy consumption per unit area 


According to Figure 6, the lowest value for annual 
lighting energy consumption per unit area is observed in 
Group A, which is 33.19 kWh/m’/yr. This indicates that 
placing traffic spaces with lower lighting standard require- 
ments at the climate boundaries indirectly affects the day- 
lighting requirements of the reading areas, resulting in in- 
creased lighting energy consumption per unit area for 
Groups B, C, and D compared to Group A in all climate 
zones. 

Furthermore, the simulation results show that Group 
B exhibits the most significant increase in annual lighting 
energy consumption per unit area (34.84 kWh/m’/yr) due 
to its traffic and auxiliary spaces occupying the advanta- 
geous daylighting positions at the four corners of the 
building layout. Similarly, Groups C and D also experi- 
ence a slight increase in overall annual lighting energy 
consumption compared to Group A in various climate 
zones because their traffic spaces, which require less day- 
lighting, are positioned on the sides of the plan where 
have better daylighting effectiveness. The ranking of an- 


nual lighting energy consumption per unit area is as fol- 
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lows: Group B > Group D> Group C > Group A. 


4.1.3 Annual total energy consumption per unit area and 


energy efficiency 


As shown in Figure 7, Group A exhibits the highest value 
for annual total energy consumption per unit area, which is 
66.79 kWh/m’/yr. Combining this with the analysis of individ- 
ual energy consumption discussed earlier, it indicates that 
Groups B, C, and D, by placing low-performance traffic and 
auxiliary spaces at the climate boundary of the building which 
served as buffer spaces, though leading to the increasing annual 
lighting energy consumption per unit area, significantly reduce 
the annual heating and cooling energy consumption per unit ar- 
ea, effectively compensating for and reducing the overall ener- 
gy consumption. 

Group B demonstrates the most noticeable reduction 
in annual total energy consumption per unit area, which is 
64.31 kWh/m’/yr, corresponding to an energy efficiency of 
3.71%. 


crease in annual total energy consumption per unit area 


Similarly, Group C experiences a significant de- 


across various climate zones, with a value of 65.07 kWh/ 
m’/yr and an energy efficiency of 2.58% . The ranking of 
annual total energy consumption per unit area is as fol- 
lows: Group A > Group D > Group C > Group B, 
while the ranking of energy efficiency is as follows: Group 
B> Group C> Group D> Group A. 

4.2 Energy consumption analysis of atrium space configu- 


rations 


4.2.1. Annual heating and cooling energy consumption 


per unit area 


As depicted in Figure 8, the large atrium space is 
configured as Groups E, F, G, and H, which incorporate 
staggered layouts, exhibiting reduced annual cooling ener- 
gy consumption per unit area with comparison to Group A 
without staggered configurations. The airflow generated 
within the atrium spaces facilitates effective ventilation, 
aided by the pressure difference between the interior and 
exterior spaces that induces air movement, thereby reduc- 
ing reliance on air conditioning systems (17, 18]. The data 
reveals that comparing the configurations with staggered 
atria toward other directions, the westward-staggering 
Group E has the highest annual cooling energy consump- 
tion per unit area, measuring 13.64 kWh/m’/yr, indicating a 
significant influence of western sun exposure. Conversely, 


Group H, with northern staggered atria, exhibits the lowest 
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annual cooling energy consumption per unit area at 12.64 
kWh/m’/yr. The ranking of annual cooling energy con- 
sumption per unit area is as follows: Group A> Group E 
> Group G> Group F > Group H. 

The groups (E, F, G, and H) with partial staggered 
placements of the atrium exhibit reduced annual heating 
energy consumption per unit area compared to the unstag- 
gered Group A. Among them, Group G with the atrium 
staggered towards the south has the lowest annual heating 
energy consumption per unit area at 14.52 kWh/m’/yr, in- 
dicating that the southern staggered configuration of the a- 
trium allows for more solar radiation, resulting in a signif- 
icant reduction in annual heating energy consumption. On 
the other hand, Group H with the atrium placed towards 
the north has the highest annual heating energy consump- 
tion per unit area at 15.52 kWh/m’/yr. The ranking of annual 
heating energy consumption per unit area is as follows: Group 


A> Group H> Group F > Group E> Group G. 
4.2.2 Annual lighting energy consumption per unit area 


Simulation results indicate that the groups CE, F, G, 
and H) with partial staggered placements of the large atri- 
um exhibit increased annual lighting energy consumption 
per unit area compared to the unstaggered Group A. 

As shown in Figure 9, Group G with the atrium stag- 
gered towards the south has the lowest annual lighting en- 
ergy consumption per unit area at 34.90 kWh/m’/yr. Mean- 
while, Group H with the atrium staggered towards the 
north has the highest annual lighting energy consumption 
per unit area at 36.12 kWh/m’/yr. The annual lighting en- 
ergy consumption per unit area is slightly lower in Group 
E with western staggered atrium compared to Group F 
with eastern staggered atrium. The ranking of annual 
lighting energy consumption per unit area is as follows: 
Group H> Group F> Group E> Group G> Group A. 
4.2.3 Total energy consumption per unit area and energy 


efficiency 


In a comprehensive analysis, the groups (CE, F, G, and 
H) with staggered placements of the atrium exhibit lower 
annual total energy consumption per unit area compared to 
the unstaggered Group A. This indicates that partial stag- 
gered placements of the atrium, though leading to an in- 
crease in lighting energy consumption per unit area , ex- 
hibit more significant reduction in annual heating and 


cooling energy consumption, compensating for the in- 
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crease in lighting energy consumption resulted by disad- 
vantageous elements. As shown in Figure 10, among the 
groups with staggered atrium placements, Group G has the 
lowest annual total energy consumption per unit area at 62. 
89 kWh/m/’/yr, with the corresponding energy efficiency of 
5.84% at the highest. 


© Annual Heating Energy Consumption per Unit Area (kW-h/m2/yr) 
4 Annual Cooling Energy Consumption per Unit Area (kW-h/m2/yr) 
19.00 
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Figure 5 Heating and cooling energy consumption of variable 


groups in reading spaces 
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Figure 6 Lighting energy consumption of variable groups 
in reading spaces 
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Figure 7 Total energy consumption and energy efficiency of 
variable groups in reading spaces 
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Figure 8 Heating and cooling energy consumption of 


variable groups in atrium spaces 
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Figure 9 Lighting energy consumption of variable groups in 


atrium spaces 
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Figure 10 Total energy consumption and energy efficiency of 
variable groups in atrium spaces 
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Figure 11 Total energy consumption for simulation groups 
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Figure 12 Individual energy consumption for simulation groups 
Conclusion 

Based on case studies of existing university library 
architectural designs, representative prototypes of overall 
spatial forms were extracted for simulation. By altering the 
organizational patterns of high-performance reading spaces and 
the partial staggered orientations of large atrium spaces, 
eight spatial organizational patterns were proposed and 
simulated calculations were conducted in cold climate re- 
gions, leading to the following conclusions: 

Among the four combinations of variables for read- 
ing spaces, the overall energy consumption is the lowest, 
and the energy efficiency is the highest (reaching 3.71% ) 
for the composite reading spaces. The overall energy con- 
sumption is comparable for the parallel reading spaces and 
the surrounding reading spaces, with the surrounding read- 
ing spaces having the highest overall energy consumption. 
The energy efficiency rankings for the four reading pat- 
terns are as follows: composite form> dispersed form> 


parallel form> surrounding form. 
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The groups with partial staggered placements of the 
atrium, comparing to the unstaggered-atrium group, see a 
decrease in overall energy consumption to some extent, 
and among the four combinations of variables for the atri- 
um space, the overall energy consumption is the lowest 
and the energy efficiency is the highest (reaching 5.84% ) 
for the structure form with partial staggered placement to- 
wards the south side of the atrium, while the energy effi- 
ciency is the lowest for the staggered placement towards 
the north side of the atrium. The energy saving rates for 
the atrium space variable groups are all higher than those 
for the reading space variable groups, indicating that the 
vertical staggered arrangement of the atrium has a greater 
impact on the overall energy consumption of the building 
compared to the horizontal arrangement of the reading 
spaces. 

Based on the simulation findings mentioned above, 
during the early stage of schematic design, it is advisable 
to position low-performance spaces such as traffic and 
auxiliary spaces at the building perimeter, creating a buffer 
zone similar to transition spaces to mitigate the negative 
impact of external adverse climatic conditions on the in- 
ternal spaces [19]. Additionally, it is recommended to 
consider a partial staggered design for tall and spacious 
central atria, with priority given to positioning the atrium 
on the south side. This approach not only contributes to 
reducing the overall energy consumption of the building 
and achieving energy-saving goals but also enhances the 
diversity of the vertical profile, enriching the spatial expe- 


rience within modern university libraries. 


Figure and table sources 

All figures and tables in this study were created by the au- 

thor. 
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ABSTRACT: The protection and utilization of traditional villages have seen an increase around China since the country issued the catalogue of tra- 
ditional village protection. However, the effect of the protection and utilization of traditional villages has not been remarkable, as physical decline 
and constructive failure of traditional villages occur frequently. Consequently, traditional villages are faced with challenges through a lack of evalua- 
tion and poor construction management. As an important feedback tool, conducting an evaluation can shed light on achievements in implementation 
of protection and utilization of traditional villages and effectively reveal problems impeding such implementation. Establishing a scientific evalua- 
tion system for traditional village protection and utilization is of great significance to the sustainable protection and utilization of traditional villages. 
Currently, China has not introduced an evaluation system for the implementation of traditional village protection and utilization, and only limited re- 
search has been conducted in this area. Existing studies have emphasized the evaluation of the implementation of protection and utilization but pay 
only limited attention to the implementation process. Based on a comprehensive analysis of the characteristics of implementation planning and man- 
agement, and of relevant studies on this topic, the current study examined the methods used to evaluate the effect of protection and utilization, the 
protection measures and supervision structures from the perspective of achievements and processes around implementation. Moreover, a case study 
based on the traditional villages in Lingnan Waterfront was used in the current study, with a focus on the local characteristics of the implementation 
and management of traditional village protection and utilization. On this basis, an evaluation index system is established, which comprises settlement 
protection and planning implementation, an active utilization degree, new-old settlement collaboration, protection measures, implementation supervi- 
sion and management. In Lingnan Waterfront, 44 national-level traditional villages are chosen as samples to examine the implementation and man- 
agement of traditional village protection and utilization. The results shows that the implementation of traditional village protection and utilization in 
Lingnan Waterfront poses obvious non-equilibrium challenges. Concerning the implementation of traditional village protection and utilization, there 
are three levels: Good, moderate and poor. Government policy support, urbanization and industrialization represent important factors that influence 
the implementation and management of traditional village protection and utilization. For traditional villages that are protected, utilized and managed 
well, the implementation and management of their protection and utilization are aligned with the early attention paid by the Chinese Government to 
the situation, as well as the impacts of both industrialization and urbanization. Traditional villages which exhibit moderate implementation and man- 


agement of protection and utilization are often influenced by industrialization and urbanization in rural areas in the Pearl River Delta. Driven by 
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demolition of old houses and the construction of new housing sites for villagers facing a land shortage, the rural landscape and appearance of villa- 
ges have undergone different degrees of damage. For traditional villages with poor implementation and management of protection and utilization, the 
locations of such villages are significantly influenced by urbanization or industrialization in the Pearl River Delta. As traditional villages are attrac- 
ted by the economic benefits, protection and utilization encounter severe impacts caused by urbanization and the construction of industrial parks in 
rural areas, and are stuck in a dilemma. Ultimately, the implementation and management evaluation system of traditional village protection and utili- 


zation is established in the current study based on the case study of Lingnan Waterfront. The results of the study not only deepen the existing body 


of knowledge on the implementation evaluation of traditional villages, but also provide a reference point for action to address the situation. 


KEY WORDS: traditional village; protection and utilization; evaluation system; Lingnan Waterfront 


1 Introduction and literature review 


Traditional villages reflect the harmonious symbiotic 
relationship between settlements and the surrounding nat- 
ural environment, contain rich regional culture and eco- 
logical construction wisdom, and possess precious histori- 
cal and cultural value and inheritance significance[, 1]. The 
protection and utilization of traditional villages has re- 
ceived increasing attention of the government and all 
works of life since the country issued the “Catalogue of 
Traditional Chinese Villages”, but their effect has not been 
remarkable, as the physical decline and constructive fail- 
ure of traditional villages occur frequently. Consequently, 
traditional villages are faced with challenges through a 
lack of evaluation and poor construction management; the 
situation of traditional village protection is still very se- 
vere|_2 |. 

As an important feedback tool in implementation, 
conducting an evaluation can shed light on achievements 
in implementation of protection and utilization of tradi- 
tional villages and effectively uncover problems impeding 
such implementation. 3] Establishing a scientific evalua- 
tion system for traditional village protection and utiliza- 
tion is of great significance to the sustainable protection 
and utilization of traditional villages. 

At present, China has established the “ Traditional 
Village Evaluation and Recognition Index System” for 
screening and recognition before the implementation of 
traditional village protection and utilization, but the evalu- 
ation system for traditional village protection and utiliza- 
tion after implementation has not yet been introduced. The 
research on the evaluation of the implementation of tradi- 
tional village protection and utilization in the academic 
community is also relatively lacking. The few research re- 


sults mainly focus on two aspects: the protection status 
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and implementation issues, as well as the evaluation of 
implementation effectiveness of traditional villages in sev- 
eral typical regions. In terms of the protection status and 
implementation issues of traditional village, Yin Chao and 
JiangJinsong [4] discussed the problems of uneven plan- 
ning and preparation, serious constructive failure, and im- 
mature management and maintenance techniques that oc- 
curred during the implementation process of traditional 
village protection in Jiangsu Province. Li Jingl5] took 
Cuiheng Village, Zhongshan City as an example, and at- 
tempted to construct a “goal-oriented research on the pro- 
tection implementation process” by comparing its protec- 
tion planning objectives and implementation results. Xu 
Honggang et al..6] used Hongcun Village, Anhui Prov- 
ince as an example to reveal the insufficient interpretation 
of authenticity in planning texts and management docu- 
ments through event process tracking and in-depth inter- 
views with residents that resulted in a one-sided under- 
standing by the executors. In terms of evaluating the im- 
plementation of traditional village protection and utiliza- 
tion, Liu Lulu et all7]. constructed an evaluation system 
for the effectiveness of traditional village protection im- 
plementation from four aspects: protection effect, social 
effect, economic effect, and environmental effect. Yang 
Liguo et all 8]. Evaluated the effectiveness of traditional 
village protection in Hunan Province from four aspects: 
authenticity, completeness, active utilization degree, and 
inheritance. However, the static evaluation method based 
on implementation effectiveness ignored the mechanism of 
problems that occurred during the implementation process. 
Although Chen Yue[l9] noticed the dynamic characteris- 
tics of the implementation planning process evaluation and 
established an implementation process evaluation system 
from the aspects of planning formulation and management, 


the research method still focuses on subjective descrip- 
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tions, lacks quantitative analysis, and fails to form a wide- 
ly applicable evaluation system. 

In summary, research on evaluating the implementa- 
tion of traditional village protection and utilization is still 
in its infancy, and the existing implementation evaluation 
systems focus on the evaluation of the implementation 
effect of protection and utilization, with less attention paid 
to the implementation process. However, differences in en- 
tities, policies, funds, and management levels in the imple- 
mentation process of protection and utilization all affect 
the effectiveness of implementation. Therefore, it is neces- 
sary to build an implementation evaluation system from 
the two aspects of implementation effectiveness and im- 
plementation process management to judge the implemen- 
tation and management status of traditional village protec- 
tion and utilization, and to provide a basis for the subse- 
quent practice of traditional village protection and utiliza- 


tion. 


2 Research areas and methods 


2.1 Research areas 


This article conducts a case study on traditional villa- 
ges in the Lingnan Waterfront area, and constructs an e- 
valuation system for the protection, utilization, and man- 
agement of traditional villages in the Lingnan Waterfront 
area. At present, there are a large number of traditional 
villageswithin the Lingnan Waterfront of the Pearl River 
Delta (Figure 1), including 44 national-level traditional 
villages in the first to fifth batches. This area is character- 
ized by “villages built near water, and villagers relying on 
water for their livelihoods”, creating a waterfront town- 
ship style where cultural characteristics, natural forms, and 
artificial village environments are in utmost harmony, 
which is of great protection value_10]. Since the promul- 
gation of the “Basic Requirements for the Compilation of 
Traditional Village Protection and Development Plans 
Trial)” by the country, a large number of traditional vil- 
lages have formulated protection and development plans 
and taken action, which have been implemented for many 
years now. It is urgent to evaluate the implementation of 
their protection and utilization. Therefore, based on the 
characteristics and implementation of protection and utili- 


zation of traditional villages in the Lingnan Waterfront ar- 


ea, this article constructs a protection and utilization im- 
plementation and management evaluation system on the 
basis of field research and interviews of a large number of 


traditional villages. 
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Figure 1 Distribution map of traditional Chinese villages in 


lingnan waterfront area 


2.2 Research methods 


Due to the large number and scattered distribution of 
traditional villages as well as differences in regional envi- 
ronment and management, planning implementation and e- 
valuation focus for traditional villages vary. Accordingly, 
this article builds an evaluation system for the implemen- 
tation and management of the protection and utilization of 
villages in the Lingnan Waterfront area, which is based on 
a large amount on-site research and interview materials 
combined with an understanding and recognition of the 
characteristics of traditional villages in the Lingnan Water- 
front area, and draws on relevant evaluation content by 
other scholars. After establishing the evaluation system, 
Analytic Hierarchy Process (AHP) and Expert Scoring 
Method are used to set weights and verify consistency, and 
the final weights of each indicator are obtained. On top of 
that, empirical research on traditional villages is conducted 
to test the effectiveness of the system and explore the im- 


plementation status of protection and utilization of tradi- 
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tional villages in the Lingnan Waterfront Area. 


3 Ideas guiding the construction of implementation 
and management evaluation system for the protection 


and utilization of traditional villages 


The protection and utilization of traditional villages 
refers to the process of protecting, activating, and inheri- 
ting their cultural heritage through a series of intervention 
measures that act on the village itself. Its content involves 
multiple aspects such as the village environment, culture, 
and society. Its ultimate goal is to protect the village’s val- 
ue and ensure its sustainable development[ 11]. Due to the 
fact that traditional villages, as local settlements with his- 
torical and cultural heritage attributes, are nurtured in the 
local environment and mix with rural life, they have obvi- 
ous characteristics of “integrity”, “lively inheritance” of 
historical culture, and “coordination” of settlement devel- 
opment. The process of protecting and utilizing traditional 
villages involves different links, multiple subjects, and dif- 
ferent projects, and there are a lot of connection and coor- 
dination issues. Therefore, the protection and utilization of 
traditional villages is not achieved overnight and once and 
for all, but rather a dynamic process undergoing continu- 
ous change. Management is the guarantee for achieving 
optimal protection and utilization[ 12]. Therefore, in the e- 
valuation of traditional village protection and utilization, 
implementation effectiveness and process management are 
equally important for protection and utilization. Based on 
this, the traditional village protection and utilization eval- 
uation system in this article is constructed from two per- 


spectives: implementation and management. 
3.1 The “integrity” of settlement protection 


Compared to the value of local architectural relics 
and historical elements, the overall value of traditional vil- 
lages appears more prominent(_13_]. Therefore, the evalua- 
tion of the implementation of traditional village protection 
and utilization should determine whether it has fully pre- 
served the overall space and environment of the settlement 
that carries ecological and historical value. Firstly, tradi- 
tional village spaces are interrelated, and the natural envi- 
ronment around the village is the main place for villagers 
to transform and adapt to nature as well as to engage in 


production and life. Therefore, based on the correlation 
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between the production and living spaces of villagers, dif- 
ferent levels like the overall landscape pattern, environ- 
ment and settlements, streets and courtyards, buildings and 
environmental elements can be used to evaluate the overall 
nature of settlements[ 14,15]. Secondly, traditional village 
spaces have regional characteristics, and the evaluation of 
spatial elements related to regional characteristics should 
also be incorporated in the evaluation system indicators. In 
addition, many residential buildings are currently vacant 
and abandoned, functional transformation and reuse of tra- 
ditional residential buildings is an effective way to pro- 
mote the sustainable protection of traditional villages[ 16]. 
This requires evaluation from aspects such as spatial acti- 


vation and utilization. 
3.2 The “liveliness” of history and culture 


Traditional villages are witnesses to local historical 
changes and the main carriers of agricultural cultural re- 
sources such as construction techniques, local customs, so- 
cial clans, and historical information. Agricultural culture 
originates from and is practiced in villages, making up an 
indispensable part of the protection and utilization of tra- 
ditional villages. It requires comprehensive consideration 
from the perspectives of protection and inheritance[ 17]. 
As an invisible and intangible cultural element, historical 
culture relies on continuous relay between people in the 
past and present to achieve continuity_ 12 |®. Its protection 
and inheritance emphasize “liveliness”, which requires the 
preservation of indigenous villagers as the premise, and 
continuation and development of production and lifestyle 
as the foundation, 18]. 


3.3 The “coordination” between new and old villages 


Traditional villages are limited by factors such as past 
technological level, insufficient investment, and natural disas- 
ters, and most of them have problems such as unsatisfactory 
living environment, lack of or outdated infrastructure. Villagers 
have a strong desire to urgently improve their living environ- 
ment. The protection, utilization, and renovation construction of 
old villages can certainly be incorporated into the protection 
planning considerations of traditional villages, but the construc- 
tion of new villages closely related to traditional villages often 
has a significant impact on the inheritance of style and ecologi- 


cal wisdom of existing old village settlements. Therefore, it is 
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necessary to fully evaluate the coordination and construction 
inheritance issues between new and old settlements, which re- 
quires evaluation from the mutual relationship, spatial connec- 
tion, style and materials, ecological technology inheritance, and 


other aspects of the new and old villages. 
3.4 The “effectiveness” of the management system 


The protection and utilization of traditional villages 
is a long-term and complex process involving diverse par- 
ticipation, and the implementation process needs to con- 
sider two aspects: protection measures and supervision and 
management. Firstly, the cultural resources of traditional 
villages are fragile and nonrenewable. The protection and 
utilization measures of traditional villages should be fully 
considered before implementation| 19], and a systematic 
evaluation of the rationality and operability of the protec- 
tion measures adopted by multiple entities is needed. Sec- 
ondly, the protection and utilization of traditional villages 
involve different regulatory processes such as approval, 
construction, and supervision. The management of tradi- 
tional villages also needs to ensure the rationality of ad- 


ministrative processes are justifiable. 


4 The basic characteristics of traditional villages and 


their protection and utilization in lingnan waterfront 


During the long development in history, traditional 
villages in Lingnan Waterfront have beenstrongly influ- 
enced by the geographical environment, natural climate, 
social economy, clan culture, and other natural and cultural 
environments in the Lingnan region, forming unique local 
settlement spaces. Since the reform and opening up, the 
Pearl River Delta region has taken the lead in rural indus- 
trialization and urbanization construction, and the overall 
environment and local style of traditional villages in Ling- 
nan Waterfront have undergone significant changes. 
Therefore, the implementation and management evaluation 
system for the protection and utilization of traditional vil- 
lages in Lingnan Waterfront needs to fully consider their 
regional characteristics under the influence of historical 


development. 


4.1. The overall environment of “water and village integra- 


tion” 


The water system is the most prominent natural ele- 


ment in the Lingnan Waterfront area, which dominates and 
limits the formation of settlement space in Lingnan water- 
front and develops unique water system spaces that deeply 
integrate into the production and living spaces of villagers, 
such as waterfront vernacular buildings built along the 
water, water branch landscapes on both sides of rivers 
[20], and clusters of foundation pond spaces[21 |. There- 
fore, the settlement environment represented by the water 
system is the most regional characteristic and valuable set- 
tlement space among the traditional villages in Lingnan 
Waterfront. The implementation and management evalua- 
tion system for the protection and utilization of traditional 
villages in Lingnan Waterfront should add indicators relat- 


ed to water system protection for focused evaluation. 
4.2 The increasingly fragmented rural landscape 


Rural industrialization and rapid urbanization are the 
special development background of traditional villages in 
Lingnan waterfront, which leads to a large occupation of 
the ecological environment around traditional villages and 
the rapid disappearance or transformation of traditional 
pond production space[_22 ]. The landscape and culture of 
water towns that are born and passed down by water are 
fragmented without the support of traditional water net- 
works[ 23]. Therefore, the implementation and manage- 
ment evaluation system for the protection and utilization 
of traditional villages in Lingnan Waterfront should set 


corresponding indicators for focused evaluation. 
4.3 A hybrid space of “juxtaposition of old and new” 


In the early stages of reform and opening up, the val- 
ue of rural cultural heritage has not yet been highlighted. 
Driven by the export-oriented economy, rural industriali- 
zation, rapid growth in demand for rental housing in the 
Pearl River Delta, as well as other factors such as impro- 
ving the living environment of villagers, most traditional 
villages have prematurely carried out new village con- 
struction and renovation of old houses. The construction is 
very common, which is neat and unified modern new vil- 
lages, demolition of old homesteads and construction of 
new ones, as well as the updating and upgrading of infra- 
structure and public service facilities. However, this direct 
modernization often lacks coordination considerations, re- 


sulting in a special scene of a large number of villages 
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juxtaposing old and new. Therefore, in the implementation 
and management evaluation system of traditional village 
protection and utilization in the Lingnan Waterfront, indi- 
cators should be set up to measure the “coordination be- 


tween new and old residential areas” for evaluation. 


4.4 The insufficiency in“ bottom-up” oriented management 


and control 


Traditional villages in Lingnan waterfront are home 
to strong clan groups. The long-standing tradition of com- 
modity society and the development history of market e- 
conomy have made local residents have an “innate sensi- 
tivity” to land income and spatial monetization. The large 
amount of collective wealth brought by rural industrializa- 
tion and urbanization also makes village collectives have 
strong management efficiency. Compared to other regions, 
the “bottom-up” actions of clans and village collectives in 
Lingnan Waterfront have a strong restraining effect on the 
protection, utilization, and management of traditional vil- 
lages. There are obvious insufficiencies in government 
regulation, so it is necessary to add indicators such as 
“rights and responsibility implementation” and “imple- 


mentation supervision” for evaluation. 


5 Construction and measurement of the implementa- 
tion and management evaluation system for the protec- 
tion and utilization of traditional villages in the lingnan 


waterfront area 


5.1 Construction principles 


The construction of the implementation and manage- 
ment evaluation system for traditional village protection 
and utilization needs to directly and comprehensively re- 
flect the current situation of implementation and manage- 
ment while considering the rationality of the system con- 
struction itself. Therefore, the system indicators should be 
constructed according to the following principles: 

(1) Systematization andscientificity: Adopt a system- 
atic concept to fully reflect the overall characteristics of 
implementation. At the same time, the indicators need to 
be fully understood by management departments. 

(2) Classification and comparability: The implemen- 
tation activities of protection planning involve multiple 


factors and relationships, and it is necessary to adopt a 
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classification evaluation method when evaluating. Based 
on the different attributes and characteristics of the evalu- 
ation object, corresponding evaluation standards and 
methods should be determined. 

(3) Operability and convenience: Implementation e- 
valuation, as a phased evaluation, should quickly and ac- 
curately reflect the current protection implementation situ- 
ation and guide future protection practice activities. This 
requires moderate stratification of indicators and the selec- 


tion of effective indicators as much as possible. 
5.2 System construction 


Based on this, by dissecting the content of the evaluation 
object, this article establishes an evaluation system consisting 
of 32 indicators in four layers of target layer-criterion layer- 
factor layer-indicator layer”, and adopts a quantitative and 
qualitative to determine the corresponding evaluation standards. 
The specific indicators are shown in Table 1. 

This evaluation system sets and classifies evaluation 
indicators based on the basic and universal content types 
in traditional village protection and utilization work, and 
achieves classification and evaluation of various tasks 
through differentiated factor and indicator layers. In terms 
of the implementation of traditional village protection and 
utilization, the system establishes three sub target levels: 
settlement protection planning, degree of active utilization, 
and collaborative construction of new and residential are- 
as. In terms of traditional village protection utilization 
management, two sub target layers are: implementation 
path and mode, implementation supervision and manage- 
ment. Among them, the implementation of settlement pro- 
tection planning mainly evaluates the survival and guaran- 
tee conditions of settlement value based on the protection 
of settlement cultural heritage, and sets corresponding in- 
dicators one by one based on protection zoning and settle- 
ment spatial elements at different scales; the lively utilization 
of settlements mainly evaluates the living inheritance condi- 
tions from the aspects of settlement space utilization as well as 
protection and continuation of history and culture, and establi- 
shes corresponding indicators such as the improvement of set- 
tlement space function, use ratio, and traditional industries, folk 
crafts, inheritors, etc., the coordinated development of new and 


old communities mainly evaluates the conditions for coordina- 
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ted development from the aspects of community construction 
and facility updates, and sets corresponding indicators around 
the community’s style, pattern, materials, processes, and func- 


tions; in terms of management evaluation, the implementation 


path and mode, implementation supervision and management 
are evaluated based on the effectiveness of the corresponding 
management system in terms of rights and responsibility imple- 


mentation and regulatory process construction. 


Table 1 Implementation evaluation system for traditional village protection and utilization planning 


Target layer Criterion layer 


Factor layer 


Indicator layer 


Effectiveness 


of protection 


Implementation of 
settlement protec- 


tion planning (C1) 


D1 Protection situation of overall landscape pattern 


D2 Control situation of core protected area 


D3 Control situation of constructive control area 


D4 Control situation of environmental coordination area 


D5 Protection and restoration of historic environmental elements 


D6 Authenticity of the protection and restoration of courtyards and buildings 


D7 Authenticity restoration of ancient streets and alleys 


D8 Coordination degree of infrastructure construction style 


D9 Coordination of overall style and appearance of settlement 


10 Preservation of river system 


11 Protection of water landscape and water quality 


12 Allocation of disaster prevention facilities 


and utilization 
implementation 


Implementation e- 
(Bl) 


valuation of tradi- 
tional village pro- 
tection and utiliza- 
tion (A) 


Active — utilization 


degree (C2) 


13 Proportion of indigenous residents 


14 Inheritance of folk culture 


16 Development of traditional industries 


17 Inheritor of folk intangible cultural heritage 


18 Idle space area ratio 


D 
D 
D 
D 
D 
D15 Inheritance of traditional craftsmanship 
D 
D 
D 
D 


19 Improvement of traditional building functions 


Collaboration be- 
tween new and old 
residential 
(C3) 


areas 


D20 Collaborative degree of spatial layout in new and old residential areas 


D21 The collaborative degree of the overall style between new and old residential areas 


D22 Collaborative degree of infrastructure construction in new and old residential areas 


D23 Collaborative degree of public service facility construction in new and old residential areas 


D24 Inheritance and application of rural construction techniques in new and old residential areas 


D25 Utilization of traditional local materials in new and old residential areas 


Protection and 


utilization 


Implementation 
path and mode 


(C4) 


D26 Protection subject and implementation of rights and responsibilities 


D27 Protection fund raising and investment situation 


D28 Protection awareness and public participation 


process super- 


D29 Approval and regulatory process construction 


_ Implementation su- 
vision 


D30 Management measures and village regulations 


pervision and man- 
(B2) 


D31 Technical support and implementation supervision 


agement. (C5) 


5.3. Measurement and analysis 

In the traditional village implementation evaluation 
system, there are differences in the effectiveness and influ- 
ence of various indicators, so it is necessary to assign 
weights to each indicator. Considering the actual situation 
of traditional villages and the complexity of the indicator 
system, this article adopts the Analytic Hierarchy Process 
(AHP) in the subjective weighting method. After con- 
structing the evaluation model, the weights of each layer 
of indicators were obtained in three steps.2) According to 
1-9 scale, 30 experts were invited to compare and score the 


three-level indicators separately; @) The relative impor- 


D32 Historical data preservation and filing 


tance between two evaluation indicators were determined, 
and a judgment matrix was constructed; @) After passing 
the consistency test, the average of each weight was taken 
to obtain the final weight. The final weight results of indi- 
cators at all levels are shown in Table 2. 

Using the above evaluation system and weight coeffi- 
cients, the characteristic vectors of the current implementation 
status of traditional village planning in 44 national-level tradi- 
tional villages in the Lingnan Waterfront area were collected, 
sorted and analyzed, and their implementation status was meas- 
ured and clustered. Due to space limitations, only the final 


scores of factor layers and total scores are listed (Table 3). 
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Target layer 


Table 2. Weights of the implementation evaluation system for traditional village protection and utilization planning 


Criterion layer 


Factor layer 


Indicator layer 


Implementa- 

tionevaluation 
of traditional 
village protec- 
tion and utili- 


zation (A) 


Serial 


number 


Effectiveness of 
protection and u- 
tilization imple- 


mentation (B1) 


Implementa- 
tion of settle- 
ment protec- 
tion planning 


(Cl) 


D1Protection situation of overall landscape pattern 


D2Control situation of core protected area 


D3Control situation of constructive control areas 


D4Control situation of environmental coordination area 


D5 Protection andrestoration of historic environmental elements 


DéAuthenticity of the protection and restoration of courtyards and buildings 


D7Authenticity restoration of ancient streets and alleys 


D8Coordination degree of infrastructure construction style 


D9Coordination of overall style and appearance of settlement 


D10 Preservation ofriver system 


D11 Protection ofwater landscape and water quality 


D12 Allocation of disaster prevention facilities 


Degree of 
liveliness in 
utilization 
(C2) 


D13 Proportion of Indigenousresidents 


D14 Inheritance offolk culture 


D15 Inheritance oftraditional craftsmanship 


D16 Development oftraditional industries 


D17 Inheritor offolk intangible cultural heritage 


D18 Idlespace area ratio 


D19 Improvement of traditional building functions 


Collaboration 
between new 
and old resi- 
dential 
(C3) 


areas 


D20 Collaborative degree of spatial layout in new and old residential areas. 


D21 Collaborative degreeof the overall style between new and old residential areas 


D22Community infrastructure completeness 


D23Community public service facilities improved 


DH Inheritance andapplication of rural construction techniques in new and old residential areas 


D25 Utilization oftraditional local materials in new and old residential areas 


Protection and 
utilization 
process supervi- 
sion (B2) 


Table 3 


Traditional village name 


Implementa- 
tion path and 
mode (C4) 


D26 Protectionawareness and public participation 


D27 Protectionsubject and implementation of rights and responsibilities 


D28 Protectionfund raising and investment situation 


Implementa- 
tion supervi- 
sion and man- 


agement (C5) 


Implementation of 
settlement 


protection plan 


D29 Managementmeasures and village regulations 


D30 Technicalsupport and implementation supervision 


D31 Approval andregulatory process construction 


D32 Historicaldata preservation and filing 


Degree of liveli- 


ness in utilization 


Coordination 
between new and 


old residential areas 


Implementation 


path and mode 


Implementation and management measurement results of 44 traditional Chinese villages in lingnan waterfront area 


Implementation 
supervision and 


management 


Daling Village 


78 


18 


1.20 


0.98 


0.95, 


Langtou Village 


2.06 


44 


1.33 


1.21 


1.10 


Julong Village 


34 


117 


1.21 


1.02 


Huangpu Village 


1.62 


27 


137 


1.34 


1.02 


Xiaozhou Village 


32 


1.32 


1.44 


1.10 


Shawan North Village 


31 


1.36 


0.98 


1.06 


Gualing Village 


30 


1.33 


L211 


0.99 


Shenjing Village 


34 


1.16 


1.38 


1.10 


Ol ol rnyl ND] mn] BR] wl nNo] re 


Songtang Village 


1.19 


0.97 


0.95 


Daqitou Village 


1.42 


1.64 


1.26 


Bijiang Village 


1.01 


0.86 


0.91 


Chaji Village 


1.04 


0.79 


0.91 


Kongjia Village 


1.11 


1.10 


0.87 


Yanqiao Village 


1.11 


1.09 


0.98 


Shajiao Village 


1.10 


0.86 


0.91 


Fengjian Village 


1.50 


1,22 


1.10 


Madong Village 
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1.33 


1.09 


0.98 
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(continued) 


Implementation of 


Serial Degree of liveli- 


Traditional village name settlement 
number . 
protection plan 


ness in utilization 


Coordination : Implementation 
Implementation _ 
between new and supervision and 
path and mode 


old residential areas management 


18 Gangtou Village 81 


1,33 1.04 0.95 


19 Changqi Village 2.26 


1.41 1.38 1.22 


20 Shenshui Village fs] 


1.08 0.97 0.95, 


21 Xiangang Community 90 


1.20 0.91 0.95, 


22 Libian Village 1.46 


1.04 0.73 0.91 


23 Huangxi Village 


0.88 0.86 0.91 


24 Tangnan Village 


1.24 0.97 0.95 


25 Chishan Village 


1.13 0.96 0.98 


26 Dushugang Village 


1,32 1.09 0.98 


27 Ruanyong Village 


1.18 0.97 0.95, 


28 Liucun Village 


1.14 1.04 0.95, 


29 Shangwan Village 


1.20 1.04 0.95 


30 Jiangbian Village 


1.23 1.05 1.02 


31 Tangwei Village 


La 1.09 0.98 


32 Baishi Village 


1.10 0.85 0.91 


33 Licha Village 


1.20 1.04 0.95, 


34 Cuiheng Village 


1.50 1.70 1.25 


35 Guhe Village 


1.24 1.04 1.00 


36 Aoshan Village 


1,33 1.21 1.03 


37 Longtou Huan Village 


1.01 0.91 0.95 


38 Chadong Village 


1.20 0.91 0.99 


39 Antang Village 


1.20 1.04 0.99 


40 Liangxi Village 


1.11 1.09 0.95 


41 Xiaonan Village 


1.01 0.91 0.95, 


42 Lubian Village 


1.07 0.73 0.87 


43 Nanmen Village 


1.20 1.04 0.91 


44 Paishan Village 


Through measurement and cluster analysis, based on 
the evaluation criteria of good implementation (> 7 
points), average implementation (6-7 points), and poor 
implementation (< 6 points), the protection and utiliza- 
tion of traditional villages in the Lingnan Waterfront area 
shows obvious imbalanced characteristics. There are 6 tra- 
ditional villages with good implementation, accounting for 
a relatively small proportion; there are 25 cases of average 
implementation, accounting for more than half of the total; 
there are 13 cases with poor implementation, accounting 
for nearly 30%. 

The implementation and management of protection 
and utilization in six traditional villages with good imple- 
mentation and management (> 7 points) are related to the 
earlier attention paid by the government or less affected by 
industrialization and urbanization.Cuiheng Village has the 
highest score in the evaluation of protection and utilization 


implementation, thanks to the early planning and control 


1.26 1.27 0.99 


of the government and the support of various policy funds. 
Due to being the hometown of Sun Yat-sen, a pioneer of 
modern revolution, Cuiheng Village has received high at- 
tention from the government. Since the late 1990s, Zhong- 
shan City took the lead in establishing Cuiheng Village as 
a historical and cultural village for overall planning and 
protection, establishing the Sun Yat-sen Former Residence 
Memorial Hall. By purchasing, repairing, and utilizing the 
old residential buildings in the old village, it fully protec- 
ted the village environment during Sun Yat-sen’s early de- 
velopment, and invested special funds annually for protec- 
tion and utilization24]. As a result, the protection and u- 
tilization of Cuiheng Village has achieved good marks. 
Fengjian Village was listed as a key tourism resource pro- 
ject in Foshan City in 2005, relying on the highly repre- 
sentative Lingnan Waterfront landscape and cultural re- 
sources. It invested 40 million yuan for two years to build 


the “Fengjian Water Township” brand, carried out envi- 
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ronmental improvement, utilized village houses, and sup- 
ported the development of the tourism industry25 |, thus 
timely stopping the erosion of traditional villages by in- 
dustrial park construction. The other villages with higher 
scores, Dushugang Village and Changqi Village are loca- 
ted in the outer suburbs of the Pearl River Delta. They 
have been less affected by the rapid industrialization and 
urbanization brought about by the export-oriented eco- 
nomic development in the core area of the Pearl River 
Delta and have preserved a relatively complete village lay- 
out and local landscape. After being included in the list of 
traditional villages, a certain degree of protection, repair, 
and revitalization was carried out through the intervention 
of multiple subjects in the later stage. 

Traditional villages with average implementation and 
management of protection, utilization, and management 
(6-7 points) are often affected by the industrialization and 
urbanization of rural areas in the Pearl River Delta, as well 
as driven by the demolition of old homesteads and the 
construction of new ones due to land scarcity, resulting in 
varying degrees of damage to the local landscape and vil- 
lage style. Some of these villages have taken certain meas- 
ures to rejuvenize and utilize their villages in recent years, 
such asXiaozhou Village. Through the joint effort of the 
government and tourism developers, artists, young people, 
and other entrepreneurs were introduced, environmental 
improvement and facility upgrading was carried out in the 
core tourism areas, and some residential spaces in the vil- 
lages were functionally replaced and utilized. However, 
due to the lack of early management and control, there are 
a large number of self-built houses and peripheral factories 
with poor appearance, which have a certain impact on the 
overall rural landscape of the village. At the same time, the 
village lacks supervision and management of the renova- 
tion and utilization of ancient buildings, and there is a 
phenomenon of excessive renovation of some residential 
buildings, which has a negative impact on the overall style 
of the village. Other villages, under the leadership of the 
government or village committee, have carried out certain 
protection and repairs to local areas of the village. For ex- 
ample, in Daling Village, with the support of special funds 


from the city and district, the Shilou Town government has 
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organized the maintenance and landscape improvement of 
8 ancient buildings, some alleys, and ancient trees in the 
village| 26 |, However, the overall landscape of the villa- 
ges, which was mixed with old and new due to the trans- 
formation of traditional residential buildings by a large 
number of villagers in the early stage, has not been effec- 
tively improved through this local protection and repair 
project. Moreover, the original ancient buildings in the vil- 
lages are rarely replaced and developed, and there is a lack 
of corresponding supporting facilities. The implantation of 
business formats and cultural promotion efforts are insuf- 
ficient, facing a continuous protection dilemma of lacking 
hematopoietic capacity. 

For traditional villages with poor implementation and 
management of protection and utilization (< 6 points), 
they are usually in a dilemma of ineffective protection and 
utilization planning. These traditional villages are mainly 
divided into two categories. One is close to the city center, 
which is strongly affected by urbanization, and a large 
number of farmland and rivers are eroded by urban con- 
struction, presenting fragmented rural landscapes. Early 
villages lacked overall construction control and guidance, 
resulting in overall landscape destruction. Longtou Huan 
Village is located in the suburbs of Zhongshan City. With 
the expansion of the city, a large number of urban indus- 
trial parks, real estate, and urban public service facilities 
have begun to occupy farmland on the north and south 
sides of the village, blocking the connection between the 
village and the Shijiao River. The village is in the midst of 
urban construction. Driven by interests, the self-construc- 
tion behavior of villagers within the village has not been 
effectively controlled, and a large number of high-rise and 
new residential buildings are interspersed within the old 
village, seriously damaging the overall appearance of the 
old village. The second type is located near the core area 
of the Pearl River Delta, which was strongly influenced by 
the industrialization of the Pearl River Delta that led to the 
construction of village and town industrial parks, causing 
serious constructive damage. Lubian Village has built a 
village level industrial park driven by the economy. Influ- 
enced by multiple factors such as the rapid demand for 


rental housing, restrictions on residential land, and impro- 
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ving the living environment, villagers have extensively de- 
molished and rebuilt their original homesteads, resulting in 
a mix of new and old buildings in the countryside and se- 
rious damage to the traditional layout. Although small- 
scale repairs were carried out under the guidance of pro- 
tection planning in later days, the impact on the already 
popular new buildings was not significant, and the overall 
style of the village was not coordinated. Under the lure of 
economic benefits, it is particularly difficult to implement 
and manage the protection, utilization, and management of 


traditional villages in these two types of villages. 
Conclusion 


The evaluation of the implementation of traditional 
village protection and utilization focuses on the imple- 
mentation process and effectiveness of traditional village 
protection and utilization. It is an effective means to ana- 
lyze the effectiveness of traditional village protection and 
utilization and reveal the problems impending the practice 
of traditional village protection and utilization. Since the 
country issued the catalogue of traditional village protec- 
tion, there has been a widespread wave of protection and 
utilization of traditional villages in various regions. How- 
ever, the effectiveness of these practices is not evident, and 
most traditional villages face challenges such as lack of 
implementation evaluation and inadequate construction 
management. Starting from the protection objectives of 
traditional villages, this article evaluates the effectiveness 
and process of traditional village implementation from five 
aspects: the effectiveness of traditional village protection 
and utilization, the degree of lively utilization, coordina- 
tion between new and old residential areas, implementa- 
tion paths and modes, and implementation supervision and 
management. The authors have constructed a planning and 
implementation evaluation system for the protection and 
utilization of traditional villages in the Lingnan Waterfront 
area. Through empirical measurements of 44 traditional 
villages in the Lingnan Waterfront area, the article has re- 
vealed that there are three levels of implementation status 
for the protection and utilization of traditional villages in 
the Lingnan Waterfront area: good, average, and poor. A- 


mong them, government policy support, urbanization, and 


industrialization are important factors that affect the im- 
plementation and management of traditional village pro- 
tection and utilization. This article conducts a case study 
on traditional villages in the Lingnan Waterfront area and 
constructs an evaluation system for the implementation 
and management of traditional village protection and utili- 
zation from two aspects: implementation effectiveness and 
implementation process. It aims at deepening and enric- 
hing the existing research on the evaluation of traditional 
village protection and utilization, as well as providing ref- 
erence and lessons for the implementation and manage- 
ment practice of traditional village protection and utiliza- 


tion. 


Figure and table sources 

The figures and tables in the text were all drawn by the 

author. 
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